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The topic reference tells you 
which part of the course you 
are in. ‘SC17¢’ means, ‘Separate 
Science, Chemistry, unit 17, 
topic c’. 


The specification reference 
allows you to cross reference 
against the specification criteria 
so you know which parts you are 
covering, References that end in 


Geg C9.2C, are in Chemistry only, 


the rest are also in the Combined 
Science specification criteria. 
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By the end of the topic you 
should be able to confidently 
answer the Progression 
questions. Try to answer them 
before you start and make a note 
of your answers. Think about 
what you know already and what 
more you need to learn. 


Each question has been given 
a Pearson Step from 1 to 12. 
This tells you how difficult the 
question is. The higher the 
step the more challenging the 
question. 


If you see an H icon that means 
that content will be assessed on 
the Higher Tier paper only. 


When you've worked 

through the main student 
book questions, answer 

the Progression questions 
again and review your own 
progress. Decide if you need 
to reinforce your own learning 
by answering the Strengthen 
question, or apply, analyse 
and evaluate your learning in 
new contexts by tackling the 
Extend question. 


Paper 1 


SC1 States of Matter / 
SC2 Methods of Separating and 
Purifying Substances 


Millions of tonnes of tiny bits of plastic are floating in the oceans, and 
they harm wildlife, Water currents cause the plastic to collect in certain 
areas. The biggest of these is the ‘Great Pacific Garbage Patch’ in the 
Pacific Ocean, which could be three times the area of the UK. At the age 
of 19, Dutch student Boyan Slat came up with the idea of using giant 
floating booms to direct the plastic pieces into a mechanism that would 
filter the plastic out of the water. The idea relies on two properties of the 
plastic ~ it floats and it is insoluble in water. Not everyone agrees that it 
will work, and think that the system would not survive in the oceans. In 
this unit you will learn about how materials can be separated from one 
another using their properties. 


The learning journey 
Previously you will have learnt at KS3: 
+ how particles are arranged in solids, liquids and gases and how their i. 
energy changes with changes of state 
+ how mixtures differ from pure substances = 
Sy « how to separate some mixtures using filtration, distillation and = 
chromatography. o 
In this unit you will learn: 
+ how to use information to predict the state of a substance 
§ + how the arrangement, movement and energy of particles change 
during changes of state 
+ how to use melting points to tell the difference between mixtures and pure 
substances 


+ how to identify substances using melting points and chromatography 
+ how different methods of separation work 

+ how to choose a separation method based on the properties of the 
substances in a mixture. 


Specification reference: C2.1; C22; €2.3;C24 


Progression questions 


‘+ What are particles like in substances in the solid, liquid and gas states? 
+ What changes happen to particles during the different changes of state? 


+ How do you decide what state a substance will be in at a given temperature? 


The three states of matter are solid, liquid and gas. For example, water can 
exist in the solid state as ice, or in the familiar liquid state, or in the gas state 
as steam or water vapour. 


The particle model 


‘Some particles are large enough to see, like the dust on a computer screen. 
Others, like atoms and molecules, are far too small for you to see. When 
chemists discuss particles, they usually mean these very small particles. 


The particle model explains state changes in a substance in terms of the 
arrangement, movement and energy stored in its particles. 


A This ‘ice hotel’ is made entirely from 
ice and snow — these are both water in 


the solid state. random fast in all 
directions 
far apart 
Science recognises 16 different 
types of ice, depending on I 
the arrangement of the water Liquid C random move around each 
molecules. A type called eeeieaeen other 
amorphous ice is found in space ‘ 
(such as on comets). A type called 
Ice IV is what you'll find in a 
kitchen freezer, here on Earth, 
Solid regular vibrate about fixed 
positions 
1 Describe the difference close together 
in the arrangements of 
particles in a solid and in 
aliquid. | 


Describe the difference in 
the movement of particles _B Particles in the solid state contain the smallest amount of stored energy; particles 
ina liquid and in a gas. in the gas state contain the most. 
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State changes 

State changes are physical changes. They can be reversed, and the 
chemical properties of the substance do not change. This is because 
the particles themselves do not change — only their arrangement, 
movement and amount of stored energy. 


$% 3. State the meaning of the terms sublimation’ and 
‘deposition’ 


Particles are attracted to one another by weak forces of attraction. 
There are many of these forces in a solid. Some of these are overcome 
during melting, The remaining attractive forces between particles 
ina liquid are overcome during evaporation and boiling (when a 
substance is evaporating as fast as it can). For this to happen, energy 


must be transferred from the surroundings to the particles. This C the interconversions between the three states 

is why you heat ice to melt it, and why you boil water in a kettle. of matter 

Diagram D shows how the temperature changes when water in the solid 3 4 Describe how you can see 

state is heated until it reaches the gas state. from a ‘heating curve’ 

Some attractive forces How the temperature of (such as diagram D) that a 

form between particles ‘a substance changes as it is heated substance is changing state. 
ir i ‘The temperature stays 7 

during conan and vile the liquid 2 5 Explain what happens 

many aL ecuve todas Are is boiling. The particles to the particles when a 


formed during freezing, 
For this to happen, energy 
must be transferred 

from the particles to the 
surroundings. This is why 
water vapour turns into 
water droplets on a cold 
window, and why you 

put water in a freezer to 
make ice. 


are escaping from the 
liquid to form a gas. 


) 


‘Temperature (’ 


You can predict the state 
of a substance if you know tel 
its temperature, and its Time (minutes) 
melting point and boiting D a heating curve for water 
point. if the temperature is: 

* below the melting point, the substance is solid 

+ between the melting point and boiling point, the substance is liquid 


+ above the boiling point, the substance is gas. 


| Camping gas is used by campers and hikers. It is a mixture of propane 
and butane. Explain, in terms of the arrangement of fuel particles, 
why camping gas is stored in cylinders as a liquid rather than as a gas. 
(2 marks) 


substance melts. 


£63 6 The melting point of 
gallium is 29.8°C and its 
boiling point is 204°C. 
Predict its state at 25°C, 
100°C and at 2205°C. 


How confidently can you answer 
the Progression questions? 


$1 Draw a diagram to show the 
‘states of matter. On your 
diagram, name each state 
‘change and describe what 
happens to the particles as it 
happens. 


E1 Explain why the arrangement, 
movement and energy of 
particles change during. 
changes of state. 


stions 


+ What is the difference between a pure substance and a mixture? 


‘+ What happens to its particles when a solid melts? 
+ How do melting points allow you to spot the differences between pure substances and mixtures? 


48 


A You can tell this gold bar is very nearly pure because of the 999.9" 
stamped on it. A number lower than 1000 on this fineness’ scale 


means it is impure. 


The purest gold ever was 
produced in 1957 and was 999.999 
on the fineness scale. 

Gold purity is still often measured 
on the older carat scale, where 

24 carat gold is pure gold. 


{5° 3 a Describe what a mixture 


of carbon, hydrogen and 
oxygen might look like. 

b Describe how you would 
separate marbles from 
sand. 


Oxygen can be removed 
from air by cooling. 
Explain why this would 
not be possible if air were 
not a mixture. 


The composition (make-up) of a pure substance: 


* cannot be changed 
+ isthe same in all parts of a piece of the 
substance. 


So, for example, pure gold contains only gold atoms. 


Which type of atoms are found in a 
piece of pure silver? 


S55} 2 State what is meant by the term ‘impure’ 
Explain what the term ‘impure’ means. 
Gold is an element and can be pure, but 
compounds can also be pure, The sugar we use 
at home is a compound called sucrose. It contains 
carbon, hydrogen and oxygen atoms chemically 
bonded together to form sucrose molecules. You 
cannot change the composition of pure sucrose. 


B Pure sucrose is always sucrose, no matter how finely it is ground down. 


A pure substance has the same fixed composition in all its parts and so we 
can't separate it into other substances using physical methods (such as 
filtering or picking bits out). 


A mixture contains elements and/or compounds that are not chemically 
joined together. You can use physical processes to separate mixtures into 
different substances, 


A mixture does not have a fixed composition, For example, air is a mixture 
of gases. When students sit in a classroom, they use up oxygen and breathe 
out carbon dioxide and so the composition of the air in the room changes. 
We still call it‘air’, but because air is a mixture its composition can change. 
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Mixtures 


Melting points 

When a solid melts, its particles gain enough energy to overcome the 

weak forces of attraction between them. They move further away from 

one another and the solid becomes a liquid. The temperature at which this 

happens is the melting point. This is an example of a physical property £33 5 What is the freezing point 
(how a substance responds to forces and energy). ™ of pure oxygen? 


A pure substance has the same composition in every part of it, and so its 
physical properties are the same in every part. So, all of a pure substance will 
melt at the same temperature until all the substance has changed state, The 
melting point of pure gold is 1063°C and the melting point of oxygen is -218°C. 


How temperature changes in a pure substance and 
an impure substance as they are heated 


impure substance 


pure substance 


Time (seconds) 


C This sweet is a mixture and so does not havea sharp melting point. _D heating curves for a pure substance and a mixture 


The sweet shown in photo C hasa liquid centre. The whole sweet melts overa range 
of temperatures and not all the parts melt and become liquid at the same time. 
This is what happens in mixtures ~ they do not have fixed, sharp melting points. 


lead-tin alloy | 183 0258 
== zr - east 
carbon monoxide -205 | 


How confidently can you answer 
the Progression questions? 


6 The table shows some melting temperatures. 


a Identify which substances are mixtures and which are pure. 
$1 List the ways in which pure 
b Sketch a cooling curve for each of the three examples and substances are different from 
explain their shapes. wana 


E1 A piece of gold jewellery is 750 
ER Yi este 
you expect the jewellery to have 
Explain why mixtures melt over a range of temperatures but pure a sharp melting temperature? 
substances have precise melting points. (2 marks) Explain your answer. 


SC2b Filtration and crystallisation 


Specification reference: (0.6; €2,7 


+ How can filtration be used to separate mixtures? 
* How can crystallisation be used to separate mixtures? 
+ What are the hazards and risks when separating mixtures by filtration and crystallisation? 


Filters can be used to separate some mixtures. They let smaller pieces or 
liquids through but trap bigger pieces or insoluble substances. 


Examples of filtration are to be seen all around us. Cars, vacuum cleaners 
and air-conditioning systems all have filters, Some whales use filters to feed. 
They open their mouths and take in water. When they close their mouths, 
they push out the water through filters. Small animals (such as krill) get 
stuck in the filters and are swallowed. 


‘A Some whales filter sea water with Crystailisation 
bristles (called baleen plates) to A solution is a mixture made of solutes (dissolved substances) in a liquid 
separate krill from the water. alled the solvent. Solutes can be separated from a solution by evaporating 
the solvent to leave the solutes behind. This is called crystallisation. The 
1a Give one example of process forms solid crystals of various sizes. If the crystals form slowly, the 
amixture that canbe —_particles have longer to form an ordered pattern and will make larger crystals. 


separated by filtration. 


{53 _b Explain how this 
mixture is separated by 
filtration. 


“% — Describe another type 
of mixture that can be 
separated by filtration. 


Nearly 4 million tonnes of salt are 
solution mined in the UK each year. | 


B Crystals in the Giant Crystal Cave in Mexico took over 500000 years to form. 


Table salt is produced from sea water, or is dug out of the ground or 
extracted using ‘solution mining’ In this process water is pumped into 
layers of salt underground, The resulting salt solution is then heated, 

which evaporates the solvent and makes the solution more and more salty. 
Eventually it reaches a point where there is as much salt in the water as can 
possibly dissolve. This is a saturated solution and it contains the maximum 
amount of solute that can dissolve in that amount of solvent at that 

C Salt can be produced by the temperature. If more water evaporates and/or the solution cools, then some 
evaporation of sea water solute leaves the solution and salt crystals form. 


6 


Filtration and crystallisation in the lab 
To filter a solution in the laboratory, a filter funnel is lined with filter paper mixtures that can be 

that has fine holes in it. The solvent and solute(s) pass through the fine separated by crystallisation. 
holes to form the filtrate. Bits of insoluble substances cannot fit through 
the holes and so leave a residue in the filter paper. A Bunsen burner is then 
used to evaporate the filtrate carefully. Care must be taken not to overheat 


3. Inthe solution mining of 
salt, give the names of the: 


the solution once it is saturated, because hot crystals may spit out. Further 3 a solvent 
heating may also cause crystals to change chemically, p= 
{FB solution 
i il ~ 
GZ solute. 
bis ta 3 4 Whenisa solution said to 
be ‘saturated’? 
_— filtrate 3} 
Ss E23 5 Explain why crystals form 
etapa aah during crystallisation. 
_— boiling water 
wis & 6 Explain why the crystals in 
N =¥ photo Bare so big. 
a 
D Laboratory apparatus for (i) filtration and (ii) crystallisation. 
Ina risk assessment, the hazards of doing an experiment are identified. A 
hazard is something that could cause harm. Then ways of reducing the risk 
(chance) of a hazard causing harm are considered. Rowen tani cannon maaan 


During crystallisation, the risks from spitting can be reduced by wearing eye _the Progression questions? 
protection, removing the Bunsen burner before the solution is completely 


dry and/or using steam to heat the evaporating basin gently (as above). SVE RataNN Kan youre 


7 Whena mixture of rock pieces, salt and water is filtered, what will separate sand and salt froma 
be found as the: mixture of the two. 


Ba filtrate 
- E1 Scientists looking for new 
SFR residue? substances in plants grind 
up the plants with methanol. 
This solvent dissolves many 
plant compounds. However, 
& b Explain how the risks from each of your hazards can be reduced. methanol is flammable and 
toxic (especially if the vapour 
is inhaled). Large crystals can 
be made to help scientists 
work out what the compounds 
are made of. Explain how you 
would make plant-compound 
| Explain the difference between a risk and a hazard. (2 marks) crystals using methanol. 


{6% 8 a List two of the hazards when carrying out filtration and 
crystallisation. 


Progression questions 


+ How can chromatography be used to separate mixtures? 
‘+ What are the differences between mixtures and pure substances on a chromatogram? 
+ How do you calculate an R, value? 


Inks, paints and foods often contain mixtures of coloured compounds. 
Chromatography can be used to find out which coloured compounds 
the mixture contains. The type of chromatography used to analyse the 
substances in old oil paintings requires expensive machinery. 


Paper chromatography is a simpler technique that works because some 
compounds dissolve better in a solvent than others. When a solvent moves 
along a strip of paper, it carries the different substances in the mixture at 
different speeds, so they are separated. The solvent is called the mobile 
phase. The paper contains the stationary phase, through which the solvent 
and dissolved substances move. The paper with the separated components 


A Experts restoring an old painting ~ 
they need to know what substances 
were mixed together to produce the 


paints used by the original artist. on it is called a chromatogram. 
h — = 
81 a How many different lid (to stop —fa a) 
compounds are in evaporation | 
of solvent) i solvent has reached 


substance X in diagram B? 


77 this evel 


b For mixture Y, explain BAA 
L The different compounds: 
why the green spot is Z| 2 ina sample diesolved to 


higher than the red spot. a 2 different extents in the 
solvent. 


; ; starting | 
2 Lookat diagram B again. 8 rtNd 


Explain why: hie sameine 
£83 a the labels for substances 
X Yand Zare written in 
pencil, not ink 


— More soluble compounds 
are carried up the paper 
faster than less soluble 
ones, so the compounds 
separate out. 


solvent — 
(e.g. water) 


b the starting positions for 
the different substances 
are above the level of The R, value is the distance the compound has risen divided by the distance 
solvent inthe container. _the solvent has risen. Both measurements are made from the starting 

Ona taeesourel positions of the samples on the paper. 


compounds in diagram B R = distance moved by the spot 


hasaaRivalieoto1: * distance moved by the solvent 
Y 1. 


Explain which compound _The R, value of a particular compound does not change if the chromatography 
this is likely to be, conditions used remain the same. 


B paper chromatography 


hromatography 


In diagram B, the pink spots have moved 4cm and the solvent has moved 
10cm along the paper. Calculate the R, value of this pink compound: 


— A compound never rises as fast as the solvent, so R, 
values are always less than 1. If you calculate an R, 
value bigger than 1, you've made a mistake. 


Paper chromatography can be used to: 


istinguish between pure and impure substances 


+ identify substances by comparing the pattern on the chromatogram with 
the patterns formed by known substances 


* identify substances by calculating their R, values. 


e ee e 
e e 
° e e e e e e e 
e ee e 
° ee 
E104 £110 £120 £122 £133 | [orange green brown blue yellow violet pink 


C The chromatogram on the left was done using known substances. The chromatogram 
on the right shows that the orange and blue sweets contain single dyes. 


In 1983, many national 
newspapers paid a lot of money 
to publish diaries allegedly 
written by Adolf Hitler, However, 
scientists used chromatography 
to analyse the inks in the diaries 
and found that they were not 
available during Hitler's lifetime - 
the diaries were fake. 


D Chromatography can be used to help 
identify substances at crime scenes. 


Two dyes have the same R, values when tested using chromatography. 
Explain whether this means they are the same dye or not. @ marks) 


4 Indiagram B, the yellow 
spots have moved 9cm 
and the solvent has 
moved 10cm. Calculate 
the R, value of the yellow 
substance. 


5 Indiagram C, the 
chromatogram on the 
left shows some food 
dyes found in sweets. The 
chromatogram on the 
right shows the results for 
some sweets. 


$5} a Which sweets contain 
just one dye? 


b Which dyes are in the 
yellow sweets? 


© What is the colour of 
the most soluble dye? 


How confidently can you answer 
the Progression questions? 


$1 The police have taken 
four orange lipsticks from 
suspects. Explain the steps 
needed to find out if one of 
the lipsticks could have made 
a mark at a crime scene. 


E1 A laboratory produces a list of 
R, values for food colourings. 
Explain why R, values 
are used and what other 
information is needed for 
these R, values to be useful. 


Progr ions 


n qui 
‘+ What is distillation? 

+ How do simple distillation and fractional distillation differ? 

+ How would you reduce risks when carrying out a distillation experiment? 


Tap water contains dissolved minerals, especially in hard water areas ~ tap water 
is a mixture. For some jobs it is best to use pure water (such as for chemical 
analysis, in car-cooling systems and older steam irons). To make water pure 
we need to separate it from the dissolved solids. This is done by distillation. 


é% 1a What happens to the water in a steam iron when you turn the 
iron on? 


a] 


b Explain why some irons may not work well if you use ordinary 
tap water. 


When mineral water evaporates, only the water turns to a gas (vapour) 
The solid minerals, which have much higher boiling points, are left behind. 
3% 2 Indiagram B, whatis the Te Water vapour (steam) is pur. the 
hazard ffstenrieseapes vapour is then condensed, it turns back to 
freartiie uber liquid water again - the liquid water will now ~delivery 
be pure. This combination of evaporation HIF | conicat}} tube 
Suggest a way of improving _ followed by condensation is called distillation. os 
assimple still so that more The apparatus used Is called a still. 
of the steam condenses 
back to water. 


Aasteam iron 


Diagram B shows a simple method for 


test tube 
distilling. Water is heated in the conical 


fl flask and the vapour travels along the A 
delivery tube, where it condenses, This 
<thermometer ethod is not very efficient because much 4A 
of the vapour is lost. 
aii Ba simple still 
‘granules | cooling water out 
Sees PO GEE, ea Ntnancebecare 
Ton Le patok surrounded by a P: , 


jacket of cold water) —_so that almost all of the vapour condenses and 
turns into a liquid. 


corners of the 
granules and reduce 
the risk of the liquid 


distillation 
| flask 


Pau ech 4 Explain how the still in diagram C 
™N can be used to purify water. 
5 Explain how: 


a the condenser reduces the risk of 
hot vapour escaping 


b the safety of the method is improved 
C distillation apparatus by using anti-bumping granules. 


distillate ~ 
(e.g. pure water) 


Fractional distillation 


Distillation can also be used to separate two or more 
liquids. This works because some liquids boil more easily 
than others. Liquids with lower boiling points evaporate 
more easily than others, and will turn into a vapour first. 
This is called fractional distillation, because 


vapour 


b intothe cooling 
condenser Water out 


_condenser 
ra 


the original mixture will be split into several Hot vapour 
parts, or fractions. The first fraction to be eae fides 5 
collected contains the liquid with the lowest up. This creates 
boiling point. The fractions could be pure Ba 


liquids, or may still be mixtures. 
Fractional distillation can be used: 


* to separate the different products in crude oil 
+ tomake alcoholic drinks such as whisky and vodka 


* to separate out the gases in the air, after the air has 
been cooled and turned into a liquid at -200 °C. 


A column is fixed above the distillation flask. The 
hot vapour rises up the column. At first, the vapour 
condenses when it hits the cool glass and drips back 

down into the flask. As the column gradually heats up, there 


will be a temperature gradient — it will be hottest at the bottom and the “Checkpoint 
temperature will drop as you go further up the column. The fraction with the 


Diagram D shows how to separate liquids more efficiently. | 


D distillation apparatus with a fractionating column 


lowest boiling point will reach the top of the column first and the vapour How confidently can you answer 
will then pass into the condenser. If you keep heating, fractions with higher _the Progression questions? 
boiling points will then rise up the column and can be collected later. “Strengthen 
Po] 6 Compare and contrast simple and fractional distillation. ‘$1 Explain what distillation 
“ gpaieas a isand how the distillation 
42} 7 Explain why a liquid with a lower boiling point will reach the top apparatus (the still) works. 
of a fractionating column more quickly than one with a higher Uses labelled diagram ta 
boiling point. make your explanation clear. 
‘S2_ Explain the safety precautions 
you need to take when carrying 


out distillation in a laboratory. 


The vacuum flask that we now use to keep drinks hot was originally used 


to keep liquid air cold. It was designed by James Dewar in 1892. Extend 


E1 Pure ethanol (alcohol) boils 
at 785°C. Explain how a 
50:50 mixture of ethanol and 
water can be separated by 


A student is asked to separate two liquids. Liquid A boils at 100°C fractional distillation. 
and liquid B boils at 65°C. The student sets up a fractional distillation E2 Suggest why the boiling point 
experiment, and after a few minutes a clear liquid is collected from the of the starting liquid will 


condenser. Explain which of the two liquids will be collected first. (2 marks) change with time. 


Aim 


Investigate the composition of inks using simple distillation and paper chromatography. 


A Fountain pen ink is available as a 
washable ink. 


thermometer 


delivery tube 


heat-resistant mat ced water 
B separating ink using simple distillation 


Ink is a mixture of coloured substances dissolved in a liquid solvent. Ink 
that appears to be a single colour, such as black, may contain two or more 
substances with different colours. Permanent inks do not run if the paper 
becomes wet, a useful property if you drop your homework in a puddle. 
Washable inks separate into their different colours if the paper gets wet, 
but may be removed if spilt on clothing. 


You are going to use simple distillation to separate a sample of the 
solvent in some ink. You will also use paper chromatography to separate 
the coloured substances in samples of ink. 


Wear eye protection. 


A. Set up your apparatus so that the ink is in a flask, and its vapours 
can be led away to be condensed. Diagram B shows some typical 
apparatus but yours may be different. 

B Heat the flask of ink using a Bunsen burner, making sure the ink 
simmers gently and does not boil over into the delivery tube. 

€ Continue heating until you have collected a few cm of distillate 
(distilled solvent). 

D_ Note the maximum temperature obtained. 


E Drawa pencil line on a piece of chromatography paper, about 2cm 
from the bottom. 

F Adda small spot of ink to the pencil line. 

G Add water to a container to a depth of about 1cm. 

H_ Place the paper into the container. Make sure the paper is supported 
so that it does not slump into the water when it becomes damp. Allow 
the water to travel through the paper. 

1 Take the paper out before the water reaches the top. Immediately mark the 
position of the solvent front using a pencil, then leave the paper to dry. 

J Measure the distance travelled by the water from the pencil line, and 
the distances travelled by each coloured substance. 

K Calculate the R, value for each coloured substance. 
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Explain the function of the beaker of iced water in diagram B. 
(2 marks) 
A student carries out simple distillation on a sample of blue ink. 
a Predict how the appearance of the ink changes, and give a 
reason for your answer. (2 marks) 
b During the experiment, hot liquid solvent drips from the bulb 
of the thermometer. Suggest an explanation for a temperature 


rise from 83°C to 100°C as this happens. (1: mark) 
Explain why simple distillation allows a pure solvent to be 
separated from a solution. G marks) 


A student distils a sample of ink. Devise a simple method to show 
that the liquid collected is pure water. Include the expected results 

in your answer. (3 marks) 
Propanone is a flammable solvent. A student carries out paper 
chromatography of ink using propanone. 

‘a Identify the mobile phase and the stationary phase in her 


experiment. (2 marks) 
b Explain one precaution necessary to control the risk of harm in 
her experiment. (1 mark) 


© Suggest an explanation for why the level of the propanone 
should be below the ink spot on the paper at the start. (I mark) 


Explain how paper chromatography separates coloured 
substances in ink. (3 marks) 
A student uses paper chromatography to analyse four samples of 
ink (X, A, B and C). Diagram C shows his results. 
‘a Describe what the results tell you about ink sample X. (2 marks) 
b Calculate the R, value of the substance in ink B, (2 marks) 
A student uses paper chromatography to analyse the dyes present 
in a sample of ink. She adds a sample of the ink and four dyes 
(1, 2,3 and 4) to the paper. Table D shows her results for the dyes. 
‘a Explain which dye is the most soluble in the solvent used by 
the student. (2 marks) 
b Explain whether each dye is a pure substance. (2 marks) 
© Suggest an explanation for why a mixture of dyes 1 and 4 may 
appear as a single green spot in a paper chromatogram. (2 marks) 


ion: 


Prog 


n que: 


‘+ How would you choose which method to use to separate a mixture? 


+ Hows drinking water produced? 


‘+ Why must water used in chemical analysis be pure? 


‘A Personal water purifiers filter water to 
make it safer to drink. 


& 1 Explain how pure water 
? is produced using the 
‘apparatus shown indiagram B. 


Suggest why the simple 
distillation of sea water 

may be used to provide 

drinking water in oil-rich 
coastal countries. 


ait 
N 


CA cloudy white precipitate forming 
during a chemical analysis. 


About 9796 of the Earth’s water isin the oceans. The concentration of dissolved salts 
in sea water is far too high for us to drink safely. Producing pure water from sea 
water is called desalination and can be achieved using simple distillation. 


Purifying sea water 

Water is separated from dissolved salts using simple distillation. Sea water is 
heated so that water vapour leaves it quickly. This vapour is then cooled and 
condensed, forming water without the dissolved salts. 


ee 


salt water in 


pure water out 


B Simple distillation of sea water using oil as a fuel 


A lot of energy must be transferred to sea water during simple distillation, so 
itis not usually a suitable method for producing large volumes of drinking 
water. It is mainly carried out on a large scale where energy resources are 
cheap or plentiful, and where there is an abundant supply of sea water. 


Water for chemical analysis 

Chemical analysis involves using chemical reactions or sensitive machines 
to identify and measure the substances in a sample. The water used for 
chemical analysis should not contain any dissolved salts, otherwise incorrect 
results will be obtained. Tap water contains small amounts of dissolved salts, 
which may react to form unexpected cloudy precipitates. These may hide 
the correct result of the analysis. Also, the machines used for analysis may 
detect the salts, again leading to an incorrect conclusion, 


3 Explain why distilled water is more suitable than tap water for 
doing a chemical analysis. 
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Water for drinking 

In the UK, the raw material for producing drinking water comes from rivers, 
lakes or aquifers (underground rocks containing groundwater). The water in 
these sources is often stored in reservoirs, which are artificial lakes produced 
by building a dam across a valley. Fresh water from these sources contains: 


* objects such as leaves and twigs 

+ small insoluble particles such as grit and silt 

* soluble substances, including salts, pesticides and fertilisers 

+ bacteria and other microorganisms that may be harmful to health. 
Different steps are needed to deal with these impurities. They include 
screening using a sieve, sedimentation (in which small particles are 
allowed to settle out) and filtration using tanks containing beds of sand 


and gravel. Chlorine is added in a process called chlorination. Chlorine kills 
microorganisms in the treated water. 


=) 
from 
water filtration 
source tower drinking water 
stored in tower 
chlorine added 
to kill bacteria 


¥ 


D These are the main stages in treating fresh water to make it safe to drink. 


4% 5. a Describe how water is treated to deal with leaves and twigs, grit 
and silt, and with microorganisms. 


by b Identify the stage missing from diagram D and draw a labelled 
diagram to show it. 


i 6 Suggest why chemical reactions, rather than separation methods, 
are used to remove harmful substances dissolved in drinking 
water in the UK. 


| Fresh water is treated to make it safe to drink. Soluble and insoluble 

| substances are removed during this treatment, and chlorine is added 
to kill harmful microorganisms. State two reasons why samples of the 
treated water are tested regularly. (2 marks) 


£3 4 Explain why it may not 
be safe to drink water 
straight from a river. 


Only about 2.5% of the Earth’s 
water is fresh water, Of that, only 


0.3% is in rivers and lakes ~ the 
rest is in icecaps, glaciers and 
ground water. 


How confidently can you answer 
the Progression questions? 


$1 Draw flowcharts to describe 
two ways in which water can 
be made fit to drink. 


E1 A bottle of water has a label 
saying ‘Suitable for chemical 
analysis’. Describe how this 
water has been produced. 

E2 Explain how you would check 
to see if this water really is 
suitable for analysis. 


Methods of separating and 
plas ba eo eas) 


Arunny green mixture contains three compounds (X, ¥ and 2). 


x 2435 4000 solid not soluble in YorZ 
y “26 ‘m4 Jiguid “soluble in Z 
2: a4 784 ~_Tiquid soluble in Y 


Plan a method to separate out X Yand Z Use the information in the table above and explain why you have 
‘suggested each step. (6 marks) 


Compound X is solid, and it is insoluble in the two 

liquids (Y and Z). This means it can be separated from 

them by filtration [1]. When X is collected in the filter [1] This explains why compound X can be separated by 

paper it will be wet with the two liquids, s0 it should filtration. 

be dried ina warm aven. The boiling points of the two 

liquids are well below the melting point of compound X, 

40 compound X will not melt in the oven (2). {2] The answer uses information from the table to explain 
why drying compound X will work. 


The filtrate will be a mixture of compounds Y and Z. 

These can be separated using fractional distillation 

because their boiling points are different [3]. When. [3] This makes it clear which physical property fractional 
the mixture is heated, compound Z will distil off first distillation depends on. 

because it has the lower boiling point (4), leaving [4] It is clear which liquid will be collected first, and why. 
compound Y behind, 


This is a strong answer. It shows good 

knowledge and understant of separation 

methods and uses correct scientific language. _/f you are given a table of data or a graph in a 
question, make sure you use information from it in 

The answer is organised logically, inthe order your answer. 

that the practical would be carried out. Each 

step of the practical is linked to a scientific 

explanation, 


This image courtesy of Prof Richard Palmer, University of Birmingham, 
shows palladium atoms on a base of carbon. According to the scientists who 
produced it, Zhiwei Wang and David Pearmain, although they had watched 
with love, they had nothing to do with the spontaneous formation of the 
heart shape. Unfortunately this atomic valentine, being only 8 nanometres 
(0.000000008 metres) across, is far too small to see even with the strongest 
light microscope. It may, however, help to explain the nature of matter, 
which is central to understanding the properties of materials and the 
chemical reactions that form new substances. In this unit you will find out 
more about atoms and their structure. 


Previously you will have learnt at KS3: 
+ about the particle model of matter 


+ how Dalton's ideas about atoms helped to explain the properties 
of matter 


+ how elements are arranged in the periodic table. 
In this unit you will ea! 

+ how our ideas about atoms have changed 

* what a relative atomic mass is 

+ [how to calculate relative atomic mass for an element. 


‘= How has the model of the atom changed over the last 200 years? 
+ How do the parts of atoms compare with each other? 
+ Why do atoms have no overall charge? 


Aa cathode ray tube 


(FB 1 What are atoms? 


GE 2 which of dalton’s 
ideas about particles is 
supported by the image 
of palladium atoms on the 
previous page? 


The actual mass of a proton is 


0,000000000000000000000001 67 
(1.67*10g). 


a 3 Which subatomic particle 
has the lowest mass? 


In 1805 the English chemist John Dalton (1766-1844) published his atomic 
theory that said: 


+ all matter is made up of tiny particles called atoms 

+ atoms are tiny, hard spheres that cannot be broken down into smaller parts 

* atoms cannot be created or destroyed 

+ the atoms in an element are all identical (but each element has its own 
type of atom). 


Dalton’s ideas helped to explain some of the properties of matter. However, 
‘experiments towards the end of the nineteenth century suggested that 
atoms contain even smaller particles. 


When a high voltage is applied to a glass tube that has most of the air 
removed, glowing rays are seen. Some scientists thought that these ‘cathode 
rays’ were atoms leaving the negative electrode. In 1897, }) Thomson (1856- 
1940) investigated the mass of the particles in the rays and found that they 
were about 1800 times lighter than the lightest atom (hydrogen). Cathode 
rays, therefore, did not contain atoms but subatomic particles, which we 
now call electrons. 


The structure of atoms 

Scientists have now worked out that atoms are made up of electrons together 
with heavier subatomic particles called protons and neutrons. All these particles 
have very, very small masses and electric charges. So, rather than use their actual 
masses and charges, it is easier to describe them by looking at their relative 
masses and relative charges compared to a proton, For example, if we say the 
mass of a proton is‘1' then anything else that has the same mass is also I’ 


proton +1 (positive) 1 
electron =1 (negative) 1/1835 (negligible) 
neutron 0 (no charge) il 


B relative masses and relative charges of subatomic particles 


At the centre of all atoms is a tiny nucleus containing protons and neutrons. 
This is surrounded by fast moving electrons arranged in electron shells at 
different distances from the nucleus. 


Structure of an atom 


Atoms in elements always have equal numbers of protons and electrons and #3" 4 How many protons, 
so have no overall charge, because the charges cancel out . rieitrons and Wodrods 


Diagram C shows two ways of modelling a beryllium atom. The three- are in a beryllium atom? 


dimensional model attempts to show how we imagine electrons to move. ee idenatas tee 


neutron 3 protons, 4 neutrons and 
proton / 3electrons. 


a] 
a Draw a diagram of this 
atom. 


o 
4 y ' PO] b Whyis this atom 
° 


electron 


neutral? 


‘ ¢ How many electrons 
ee Pree er would be in an atom 
° that has 17 protons? 


C The ‘target diagram’ on the right shows the arrangement of the electrons more clearly. 


Models of atoms help us to understand their structure ~ but most models 
don't really give a correct impression of scale. The overall diameter of an 
atom can be 100000 times the diameter of its nucleus. 


How confidently can you answer 
the Progression questions? 


$1 Drawan atom and label it to 
describe the arrangement and 
properties of its subatomic 
particles. 


E1 Figure E (below) shows what 
happens when the three 
subatomic particles are fired 
through an electric field. 


(a) 
positive charge 


Dif an atom could be made the size of the Lord's cricket ground, its nucleus (+) 
would be about the size of this dot @, Most of an atom is empty space. 


(b) 
negative charge (e) 
Compare the modern model of an atom to the atomic model proposed by Name each particle a, b and c. 
John Dalton in 1805. (2 marks) Explain your answer. 


‘+ Why is most of the mass of an atom found in its nucleus? 
+ What does the atomic number tell you about an element? 
+ How can you calculate the numbers of protons, neutrons and electrons in atoms? 


electron shells, positive nucleus The nuclear atom 


- In 1909, Ernest Rutherford (1871-1937) 
was working with others to investigate the 
structure of atoms. In one experiment, tiny 
positive particles were fired at a thin gold 
foil. To everyone's surprise most of the 
particles passed straight through the gold 
foil, with a few being deflected and a very 
‘small number bouncing back. Rutherford 
explained this by suggesting that atoms 
are mostly empty space, with a small 
positive central nucleus that contains most 
of the mass. 


) SE} 1a Whereis most of the mass of an 


a= Nag atom? 


3b Explain how the experiment in 
diagram A suggests that atoms 
are mostly empty space. 


Atomic number 

The elements in the periodic table were 
originally placed in order of the masses 

of their atoms. However, this caused some 
elements to be grouped with others that had 
very different properties, So a few elements 
were swapped round to make sure that those with similar properties were 
grouped together, even if it meant that they were no longer in the correct 
order of mass. 


A Rutherford's scattering experiments suggested a nuclear atomic model. 


Henry Moseley was killed during 
the First World War. As a result of 


Moseley’s death, other important Experiments by Henry Moseley (1887-1915) in 1913 confirmed that the 


scientists were restricted from rearranged order of elements in the table was actually correct. He showed 
serving in front-line roles. that they were in order of the amount of positive charge in the nucleus. The 
proton was discovered about five years later. The modern periodic table 
£63 2 Carbon has an atomic places the elements in order of the number of protons in their atoms. This is 
number of 6, How many the atomic number and it is this that defines an element - all the atoms of 
protons does it have? a particular element have the same unique atomic number. 
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Atomic number and 


number 


Use a periodic table to find: 
‘a the number of protons and electrons in atoms of: 
i nitrogen 


b two elements whose atomic mass order does not match their 
atomic number order. 


ii potassium 


In terms of structure, what do all atoms of a certain element have 
in common? 


Mass number 


The mass of an electron is described as ‘negligible’ - itis so small that it can 
be ignored. This explains why the nucleus of any atom contains nearly all its 
mass. For this reason the total number of protons and neutrons in an atom 
is called its mass number. 


A mass number is represented by the symbol A and an atomic number by 
the symbol Z. These numbers are written next to an element's symbol as 
shown in diagram B. 


mass number (A) 
(protons + neutrons) 
23 


1 Na <—atom symboI 


<a 


atomic number (Z) 
(protons only) 


B This is how scientists write the atomic number and the mass number for a sodium 

atom. It shows that the atom contains 11 protons and 12 neutrons in its nucleus. 

pe] 5 How many protons, neutrons and electrons are in the atom 7/Al? 
Explain how you worked out your answer. 


A manganese atom has 25 protons, 30 neutrons and 25 electrons. 
Show this information using the form shown in diagram B. 


Look at the ‘Did you know?’ box on this page. Which subatomic 
particle does a hydrogen atom not have? Explain your reasoning. 


Complete the table below (2 marks) 
Atom | atomic | mass | number | number of | number of 
number | number | of protons | neutrons | electrons 
x 90 222 90 132 (i) 
Y 88 (i) 88 134 88 
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Just two elements make up 

most of our Universe - about 
7496 is hydrogen ‘H and 24% is 
helium ‘H. These are also the two 
simplest atoms in the periodic 
table. The Sun releases energy by 
converting hydrogen atoms into 
helium atoms, Every second, over 
600 million tonnes of hydrogen is 
converted to helium. 


How confidently can you answer 
the Progression questions? 


S1 An atom can be represented 
in the form §Cu. What does 
this tell you about this atom? 


E1 Formulae can be written to 
connect the atomic number, 
mass number, and numbers 
of protons, electrons and 
neutrons in atoms. 

For example: 

atomic number = protons 
Write formulae that connect 
the other four numbers. 


ions 


Progr nqui 
» How can you describe and identify isotopes of elements? 

* Why are the relative atomic masses for some elements not whole numbers? 
* [How do you calculate the relative atomic mass of an element? 


3 1 a Write the name of each In 1932, James Chadwick (1891-1974) discovered the neutron, His discovery 


of the three lithium explains why some atoms of the same element have different masses. These 
isotopes in diagram A. atoms are known as isotopes - they have the same atomic number but 

= ; : different mass numbers. We refer to a specific isotope by adding its mass 

a9 —-b Describeeach isotope umber to the element's name. The isotope on the left of diagram Ais lithium-6. 


in the format 4X (X is 
the element's symbol). 


[Didyouknow? |) \ , \ 
In 1945, at the end of the Second & ey \ 


World War, two ‘atomic bombs’ 


were dropped on the Japanese . - - 
cities of Hiroshima and Nagasaki. 

The bombs used nuclear fission on 

and killed at least 129000 people. sLi @ protons @ neurons» electrons 


A isotopes of the same element are chemically identical because they have the 
same number of protons and electrons. 


Understanding neutrons led to the discovery of nuclear energy. By firing 
neutrons at a uranium isotope, “U, it was discovered that a nucleus can 
be split (nuclear fission). This produces new elements and transfers large 
amounts of energy. Nuclear power stations use the energy from nuclear 
fission to produce electricity. 


8 141 
35 Ba 


GBP 2 a State the numbers of poco 
protons and neutrons in @ 
an atom of uranium-235. 9” 


4 


{3b State the number of 
protons, neutrons and 
electrons in the barium 
isotope formed in 
diagram C. 


€ Identify the other a? 
product. Give your 
answer using the 

format’X. C Nuclear fission can be started by firing neutrons at atoms of uranium-235. 
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Isotopes 


Relative atomic masses 

The mass of an atom is incredibly small, so we measure their masses relative to 
(compared to) an atom of carbon-12. This isotope is used as a standard and 
given a mass of exactly 12. The masses of all other atoms are compared to 
this. For example, the mass of helium-4 is one-third of that of carbon-12 and 
so its relative mass is 4, 


8E3 3 How many ‘He atoms would be needed to balance the mass of the 
Mg atom in diagram D? 


4 Use the list of isotopes to answer the questions that follow. 
‘He = Ne Ar tHe «| Ca 


Which two isotopes have the same: 


é a mass b chemical properties? 


5 Write the mass ratios, in their simplest form, for the isotopes: 
Ba RNeand war ib Heand Ne 


The relative mass of an isotope is its mass number. For example, chlorine has 
two isotopes, Cl and *CI, and their relative masses are 35 and 37, respectively. 


All elements exist as mixtures of isotopes. We use this idea to calculate an 
element's relative atomic mass (RAM) - the symbol is A.A relative atomic 
mass is the mean mass of an atom of an element compared with carbon-12. 
It takes into account all the isotopes of the element and the amounts of 
each, RAMs are not whole numbers (for example the A, of chlorine is 35.5) 
but most values are commonly rounded to whole numbers. The RAM of an 
element and its atomic number are shown on the periodic table. 


| The abundances (overall proportions) of the two isotopes of chlorine are 75% of 
| 23Cland 25% of C1. We calculate the relative atomic mass of chlorine as follows. 
\ 


' If we take 100 atoms, 
} Khe ractiomekaantornastie: total mass of the atoms _ (75 x 35) + (25 x 37) 
I the number of atoms 100 

Hl _ 2625 + 925 _ 3550 

' - 100 7 100 

\ 


| Neon gas has a relative atomic mass of 20.2 and is made up of two atoms: 
| Ne and jNe, Explain which of these isotopes isthe most abundant, 
| @ marks) 
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D An atom of the isotope #sMg has twice 
the mass of #C and so has a relative 
mass of 24. 


What does the relative 
atomic mass of an 
element tell you? 


i Copper has two 
isotopes ~ 69% is @Cu and 
31% is (Cu. Calculate the 
RAM of copper. Give your 
answer to 1 decimal place. 


How confidently can you answer 
the Progression questions? 


‘$1 Describe, with examples, the 
similarities and differences 
between isotopes of the same 
element. 


1 [Hl Describing each step, work 
out the relative atomic mass 
‘of magnesium — it has the 
composition 79% “Mg, 
10% *Mg and 11% “Mg. 


‘The diagram below shows the structure of two isotopes of lithium. 


lithiuen-6 fithium-7, 


A 


Using these lithium atoms as examples, explain the similarities and differences in the properties of different 
isotopes of the same element. (6 marks) 


‘Atoms that are isotopes of the same element have [1] The answer gives a basic definition of isotopes. 
Uae meena eat aera [2] This is @ good description of the similarities and 
wumbers [1]. This means they have the same number gitferences in the number of subatomic particles, but it 


of protons and electrons but different numbers of doesn't use the lithium isotopes to illustrate the examples. 


neutrons (2). 
[3] This would be better if the answer explained why atoms 


Atoms that ave isotopes will chemically react in the of different isotopes react in the same way. 
same way (3) but be different in structure (4). 


This is an acceptable answer. It contains a basic definition of ante 
isotopes, and a description of their similarities and differences 


[4] This just repeats the earlier statement about 
differences, without adding any further detail. 


jin terms of structure. The answer also notes that the isotopes If an exam question asks you 
will have the same chemical properties. There is some linking of __t0 use examples that are given, 
scientific ideas and a basic logical structure. you must include them in your 


answer. 
This answer could be improved by referring to the examples 

given in the question. It would have been better if the answer 

had included clearer definitions of ‘atomic number’ and ‘mass 

number’, The answer should also link together some more 

scientific ideas, For example, it could have linked reactivity with 

electron configuration (to explain why isotopes of the same 

element have the same reactivity). 
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learnt at KS3: 
about chemical symbols for elements 

that Dmitri Mendeleev designed an early periodic table 
about periods and groups in the periodic table 
about metals and non-metals, their properties and 
their positions in the periodic table. 


n this unit you will learn: 


how Mendeleev arranged the elements known at 
the time in a periodic table 


how Mendeleev predicted the e» 
properties of undiscovered elements 


how Henry to confirm 


elements are arranged in the modem 
able 
‘0 predict and model 


in atoms. 


‘+ What are the symbols of some common elements? 
+ How did Mendeleev arrange elements into a periodic table? 
+ How did Mendeleev use his table to predict the properties of undiscovered elements? 


ot The Russian chemist Dmitri Mendeleev (1834-1907) faced a problem early 

Sean) C8001 ESET sete: in 1869. He was busy writing the second volume of his chemistry textbook 

fi and could not decide which elements it made sense to write about next. His 
—— F® solution was to construct a table that led to the periodic table we know today. 

re 

Organising elements 
Chemists had discovered 63 elements by 1869, and they were keen to 
organise them in a helpful way. Mendeleev arranged these elements in order 
of increasing relative atomic masses (called atomic weights then). Unlike 
other chemists who had tried this before, Mendeleev did not always keep to 
this order, and he left gaps in his table. 


A Towels come in all sorts of sizes, . a 
srhecmend pasion fistacioe Mendeleev sometimes swapped the positions of elements if he thought 


ements tinea different properties that better suited their chemical properties and those of their compounds. 
How would you organise them? For example, fluorine, chlorine, bromine and iodine are non-metals that 
do not easily react with oxygen, whereas tellurium is a metal that burns 
in air to form tellurium dioxide. lodine has a lower relative atomic mass 
than tellurium, so Mendeleev should have placed it before tellurium 
OMbITS CHCTEMbI IEMEHTOBb, according to this physical property. Instead, he placed iodine after 
OCHORAINOA HANNS ATONONY BYES HNIMUIMECKONE METRE tellyrium so that it lined up with fluorine, chlorine and bromine 
rus (elements with similar chemical properties to iodine). Even though 
Wie, Mendeleev used the most accurate relative atomic masses then 
Pr-is7. available, he justified this swap by stating that the value for tellurium 


ir-t9. must be incorrect. 
Or=198. 


He-2. Mendeleev assumed that elements would continue to be discovered, 

awis7? — sohe left gaps for them. This helped him to position the existing 
elements so that vertical columns contained elements with increasing, 

‘Bezte? relative atomic mass, and horizontal rows contained elements with 
similar chemical properties. 


Lie7 Neds K=39Rbe#S4 CIS TH204 


Contd S874 Ba=t37— Ph=207. #3 1 What information about the elements did Mendeleev use 


7S Cent , 
aa ee to produce his first table? 
ee ae SF} 2 Explain why Mendeleev swapped the positions of iodine 


B Mendeleev’s published 1869 table, The and tellariurer inthis table: 


question mark after the relative atomic mass ‘4 dicti 

of tellurium, Te, shows that he thought this was Making P ictions 

incorrect. He swapped the positions of iodine and Mendeleev continued to work on his table. By 1871, he had settled on 
tellurium so that iodine ended up in the same _@ table in which elements with similar properties were arranged into 


line as other elements with similar properties. vertical columns, just as today. 
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periodic table 


[Series] Group 1[Group 2[ Group 3[ Group 4] Group 5[Group 6 [Group 7| Group 8 


‘ze ‘A313 km diameter crater on the 
2 u7 |Be94} B11 | C12 | N14 | O16 | F19 far side of the Moon was named 
in honour of Mendeleev by the 
3 | Na23 | Mg24 | al27.3| Size | P3i | S32 | cla55 Russian scientists in charge of 
Fes6 C059 | the Luna3 space probe. The 

4 (esses) ese TS) VENI) MNES) MEGS! | Grobe, launched in 1959, wes the 
5 | (Cu63)| Zn6s As75 | Se78 | Br80 first to photograph the far side 
TERA TOE) | of the Moon. Element 101 is also 

6 [Rees | sear | ven | 20 | woot | ose IMIIM Paice ante] | named after Mendetees. 


7 |(Ag 108)| Cd 142} in 113 | Sn 118 | Sb 122 | Te 125 | 1127 


8 | cs 133 | Ba 137 | Di 138 | Ce 140 


3 Mendeleev amended the 


ia relative atomic masses of 
Os 195 Ir 197 some elements between 
10 €r178 | La 180 | Ta 182 | w 184 | 
z = P1198 Au 199) 1869 and 1871. Give the 
11. |(Au 199)| Hg 200 | T1204 | Pb 207 | Bi 208 symbol of one element 
for which its value was 
Ld leh Be approximately doubled. 


C Mendeleev’s 1871 table with his relative atomic masses. The red boxes are gaps 
left for elements not known at the time. Di, ‘didymium’, was later shown to be a 
mixture of two elements, neodymium and praseodymium, 


Explain how Mendeleev’s 
1871 table shows he was 
unsure where to place 
Mendeleev used the gaps in his table to make predictions about the three elements. 
properties of undiscovered elements, based on the properties of nearby 
elements. One set of predictions was for an element he called eka- 
aluminium. When gallium was discovered shortly afterwards in 1875, its 
properties closely fitted those Mendeleev had predicted for eka-aluminium. 


3 5 Explain why the discovery 
of gallium was seen 
as a successful test of 


Mendeleev's periodic 
relative atomic mass about 68 70 | 
density of element (g/cm*) about 6.0 59 | (Checkpoint 
melting point of element (°C) | low 29.8 | HOW coi fidentyican jou anova 
formula of oxide £a,0, 6a,0, | the Progression questions? 
density of oxide (g/cm’) about 5.5 5.88 | (Strengthen nnn) 
reacts with acids and alkalis? | yes yes | eal Wimtnere thekey atirezob 


D Mendeleev's predicted properties of eka-aluminium and the properties of gallium. Mendeleev’ periodic table? 


He also successfully predicted the properties of scandium (discovered in 1875), —S ees 


germanium (1886) and polonium (1898). 
E1 How did Mendeleev think 


I <£) .."" 
table? 


Give two possible reasons why other scientists did not accept Mendeleev's E2 What evidence supported 
periodic table when it was first published. (2 marks) Mendeleev's ideas? 


SC4b Atomic number and the periodic table 


Specification reference: C1.15; C1.16; C1.17; C1.18 


+ Why was Mendeleev right to alter the order of some elements in his table? 


+ What is an element's atomic number? 


+ How are the elements arranged in the modern periodic table? 


A The modern periodic table is easily recognised, There are many fun versions 


including this one advertising a science park 


‘A Moseley plot for some elements 


50: 


45 Pas 


00 10 20 30 40 50 60 
Square root of energy (J) = 10* 


B There is a linear relationship between atomic number 
and the square root of the energy of emitted X-rays. 


Development of the periodic table 
continued after Mendeleev's first 
tables. An entire group of inert 

or very unreactive elements was 
discovered near the end of the 

19th century. Even though chemists 
had not predicted their existence, 
they were easily fitted into the 
periodic table as group 0. However, 
pair reversals such as iodine 

and tellurium were not properly 
explained, and there were still gaps. 
This began to change in 1913 due to 
a physicist called Henry Moseley. 


3 1 Suggest why chemists in 
Mendeleev's time did not 
predict the existence of 
group 0 elements such as 
neon. 


Atomic number 

When scientists were beginning to accept the periodic 
table, an element's atomic number was just its position 

in the table. Moseley showed instead that it is a physical 
property of an element's atoms. He fired high-energy 
electrons at different elements, which made them give off 
X-rays, Moseley discovered that for every step increase in 
atomic number there was a step change in the energy of 
these X-rays. 


Moseley realised that an atomic number was equal to the 
number of positive charges in the nucleus of an atom. The 
particle that carries this charge, the proton, was discovered 
a few years later. So the atomic number must be the 
number of protons in a nucleus. 


EX} 2 Describe the difference between Mendeleev’s 
atomic numbers and Moseley’s modern atomic 
numbers. 
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Atomic number and the 


periodic table 


Pair reversals 

The elements in the modern periodic table are arranged in order of 
increasing atomic number, Z. When this is done: 

* elements in a row or period are in order of increasing atomic number 

+ elements with similar properties are in the same column or group 

* non-metals are on the right of the table (the other elements are metals) 
+ the iodine-tellurium pair reversal is explained. 

lodine exists naturally as ‘”| but tellurium has several different isotopes. 


About 20% of its atoms are Te but nearly two-thirds of its atoms are 
“Te or "Te, so its relative atomic mass is greater than that of iodine. 


> sroup 6 group 7¢— 


all (except none of them 
oxygen) react react with 
with oxygen ‘oxygen 
pick all react with 
poh water 


all form compounds: all form compounds 


HO! H . | /containing hydrogen: 
HiSe, H.Te HF, HCI, HBr, HI 


C These are the elements in groups 6 and 7, each with its relative atomic mass, A, 
and atomic number, Z. 


Filling gaps 

More X-ray analysis showed that just seven elements between hydrogen 
(2=1) and uranium (2 = 92) were left to be discovered. These were 

all discovered between 1917 and 1945. Neptunium, the first element 
with an atomic number above 92, was discovered in 1940. Other such 
‘transuranium’ elements continue to be discovered, and all can be placed 
in the periodic table. 


6 Suggest why there is a gap between calcium, Ca, and titanium, Ti, 
in graph B. 


a Give an example, other than iodine and tellurium, of a pair of 
elements that would be in the wrong places if ordered by relative 
atomic mass. Use a periodic table to help you. (1 mark) 


b Suggest why ordering by relative atomic mass would be incorrect. (1. mark) 
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Not all of Mendeleev's predictions 
were correct. For example, he 
predicted an element with an 
atomic weight of 0.4 that he 
called coronium. Moseley’s work 
showed that it could not exist 
because it would need to contain 
part of a proton. 


Give the relative atomic 
masses of tellurium and 
iodine to the nearest 
whole numbers. 


Use information from 
diagram C to explain 
fully why Mendeleev was 
correct after all to place 
tellurium before iodine. 


Use the periodic table at 
the back of the book to 
find the metals rubidium 
to tin, and the non- 
metals in groups 6 and 
7. Describe the general 
positions of metals and 
non-metals. 


How confidently can you answer 
the Progression questions? 


$1 How are the elements 
arranged in the modern 
periodic table? 


E1 What are the features of the 
modern periodic table? 


SC4c Electronic configurations and the periodic table 


Specification reference: C1.18; C1.19; C.1.20 


Progression questions 


* What information does an electronic configuration give? 
+ How do you work out and show the electronic configuration of an element? 
* How is the electronic configuration of an element related to its position in the periodic table? 


You have many choices where to sit on an 
empty bus but fewer choices when other 
people are already seated. Electrons fill shells 
in an atom, rather like filling a bus one seat at 
a time from the front. 


Electron shells 

In an atom, electrons occupy electron shells 
arranged around the nucleus. The shells 

can be modelled in diagrams as circles, 

with the electrons drawn as dots or crosses 
‘on each circle, The way in which an atom's 
electrons are arranged is called its electronic 
configuration. Sodium atoms each contain 
11 electrons, and diagram B shows the 

A There are many pairs of empty seats on this bus. Where would you sit? _electronic configuration for sodium. 


_———electron Each shell can contain different numbers of electrons, For the first 
20 elements (hydrogen to calcium): 


shell 
* the first shell can contain up to two electrons 


* the second and third shells can contain up to eight electrons. 


Electrons occupy the shells, starting with the innermost shell and working 

‘outwards as each one becomes full. This is why, in a sodium atom, the first 

shell contains two electrons, the second shell contains eight electrons and 
‘nucleus __the third shell contains one electron. 


B The electronic configuration of 3 1 State what is meant by the term ‘electronic configuration’, 


sodium shows three occupied shells. a 
ih £3 2 Explain why the electrons in a sodium atom do not all occupy 


‘one shell. 


Working out configurations 

Electronic configurations can also be written out rather than drawn. For 
example, the electronic configuration for sodium is 2.8.1 ~ the numbers show 
how many electrons occupy a shell, and the full stops separate each shell. 


You can work out the electronic configuration of an element from its 
atomic number, Z. The atomic number of chlorine is 17 ~ each chlorine 
atom contains 17 protons and so also contains 17 electrons. 
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Electronic configurations and the periodic table 


se 4 
rca 


ety? «! 


To fill a chlorine atom’s shells: 

+ Zelectrons occupy the first shell (leaving 15 electrons) 

* 8 electrons occupy the second shell (leaving 7 electrons) 
+ T electrons occupy the third shell. 


The electronic configuration of chlorine is therefore 2.8.7 (diagram C 
shows this). 


{Ep 3 describe how you can determine the atomic number, Z, of an 
element from its electronic configuration. 


3 4 Write the electronic configuration of phosphorus, Z= 15. 


Connections with the periodic table 


Diagram D shows the electronic configurations for the first 20 elements in 
the periodic table. The electronic configuration of an element is related to 
its position: 


+ the number of occupied shells is equal to the period number 
+ the number of electrons in the outer shell is equal to the group number 
(except for group 0 elements, which all have full outer shells). 


1 2 3 4 5 6 7 0 


® 
© 
© 


© 


D These are the electronic configurations of the first 20 elements, 
Os 


agi é 


What do the electronic configurations of sodium and the other 
elements in group 1 have in common? 


Explain how you can tell from their electronic configurations that 
sodium and chlorine are in the same period, 


| Explain, in terms of electrons, why magnesium and calcium are in the 
| same group in the periodic table. (2 marks) 


3 


> 
. 
et 4 


€ The electronic configuration of 
chlorine shows three occupied shells. 


After calcium, the third and 
fourth electron shells can 
actually contain up to 18 
electrons. For this reason the 
International Union of Pure 
and Applied Chemistry (IUPAC) 
now recommends the use of 
group numbers in the range 1 
to 18. In this newer numbering 
system, group numbers 3 to 12 
refer to the block of elements 
between calcium and gallium. 
Group numbers 13 to 17 refer to 
the older group numbers 3 to 7, 
and 18 refers to group 0. 


How confidently can you answer 
the Progression questions? 


$1 How do you work out the 
electronic configuration of an 
element? 


E1 How is the electronic 
configuration of an element 
determined, and related to its 
position in the periodic table? 


Atomic structure and the 
pervodic table 


The table shows information about tellurium and iodine. 


tellurium 52 1276 
iodine 53 “1269 
A 


Describe how Mendeleev arranged the elements known to him into a periodic table, and compare this with the 
arrangement in the modern periodic table. 


In your answer, use information from the table above to provide examples. (6 marks) 


Mendeleev arranged the elements in order of relative 


atomic mass (1). He also used the properties of [1] This shows knowledge of how Mendeleev ordered the 
elements and their compounds, 50 he sometimes had ‘elements, but it should say ‘in order of increasing relative 
to swap elements. For example, the A of iodine is atomic mass: 

126.9, 50 he should have put iodine first (2), but he [2] The answer should be supported by comparing the A, 
put it second, He did this so it went into the same values for the two elements, 

column as similar elements (3). {3] An element in the same group, such as chlorine, could 


fe be identified using the periodic table, 
In the modern periadic table, elements are arranged 


in order of increasing atomic number (the number of 
protons in the nucleus) {4}. This explains why Mendeleey [4 It is a. good idea to give clear definitions like this. 
was correct when he placed tellurium before iodine. 


This is an acceptable answer. It shows good knowledge and ‘Bemtp 
understanding of the periodic table and the answer is organised 


ina logical way. The student has linked their knowledge of Ifyou are asked to use 
atomic structure with an understanding of Mendeleev’s periodic _—_information from the question as 
table. part of your answer then make 

sure you include the information. 
The answer could be improved by clearly quoting examples It is important to make sure 
from the information given in the table. For example, in the last yoy use the information in your 
paragraph the answer could have included the atomic numbers answer ~ don't just repeat what 
for each of the elements. you have been given. 
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Using an extremely powerful ‘atomic force microscope’ scientists at the 
Berkeley Lab in California produced this amazing image showing the 
positions of the bonds holding the atoms of a small molecule together. 
Using this technique, the scientists were also able to examine the 

breaking and reforming of bonds during a chemical reaction. Bonds are 
the fundamental forces of attraction that hold our universe together. 
Understanding how bonds are formed and broken is essential in helping us 
explain even the simplest physical change or chemical reaction. 


Previously you will have learnt at KS3: 
+ about the particle model of matter 


+ how Dalton’s ideas about atoms and molecules helped to explain the 
properties of matter 

* how elements are arranged in the periodic table. 

In this unit you will learn: 

* how ionic, covalent and metallic bonds are formed 

* about the formation of lattice and molecular structures 


+ how the physical properties of a substance are linked to its bonding 
and structure. 


Progression questions » 


+ How are ions formed? 
* How can the numbers of subatomic particles in an ion be calculated? 
* What is an ionic bond? 


Bonds are forces of attraction that hold atoms together, When bonds form 
between atoms, energy is released from the atoms, making them more stable 
(less reactive). The most stable atoms are those of the noble gases, and scientists 
have found that this is because they have outer electron shells that contain 
as many electrons as possible - the outer shell of a noble gas atom is full. 


He 2 
Ne 28 | 
Ar 288 


A. Explosions can occur when new 4 ! 
bonds form between sodium and B Atoms of all of the elements in group 0 have a stable electronic configuration 
chlorine atoms to form sodium chloride. (arrangement of electrons) with a complete outer shell of electrons. 


The dots (@) and crosses (x) The circles represent Atoms are more stable if they have an outer electron shell 
Fepresent electrons from ‘Sacion shots, that is full, like a noble gas. This can happen by the transfer 
different atoms. 


—— of electrons between atoms, forming charged particles, 


called ions, 

“y Metal atoms tend to lose electrons and form positive ions, 
called cations. Cations have more protons than electrons. 
Non-metal atoms tend to gain electrons and form negative 
ions, called anions. Anions have more electrons than 


seinen taota (Mai: chlortos stoen {C0 protons. The formation of sodium (Na‘) and chloride (Ct) 
electronic configuration 2.8.1 electronic configuration 2.8.7 ions is shown in diagram C. Note that when non-metals form 


ees i= ‘one Negative ions the end of the name changes to -ide. 


electron } etectron “i 
EE 1 a What are ions? 


pb State the difference between a cation and an 
anion. 

There are forces of attraction between all positively and 

negatively charged objects. These are called electrostatic forces. 


These forces hold the oppositely charged ions together, and 


‘sodium ion (Na‘): chloride ion (Ct): fon 
electronic configuration 2.8 electronic 288 form an ionic bond between them. 


Both ions have siable electronic 2 a Whatis happening to the atoms when they form 
configurations with full outer shells. ions? 


C Dot and cross diagrams can be used to show what 


b What holds the ions together in an ionic bond? 
happens when ions are formed. 


onic bonds 


‘Atoms that easily form ions will have either a nearly full o a nearly empty 
outer electron shell. Most ionic bonds are formed between a metal and a 
non-metal. Table D shows the number of electrons lost or gained and the 
resulting ion charge of some groups of elements. The ion formed depends 
on the element's position in the periodic table and its number of outer 
electrons. 


The most common atom in the 
Universe, hydrogen, contains one 
proton and one electron. The 
hydrogen ion (H’) is therefore 
just a proton. This makes it more 
than 100 000 times smaller than 
the hydrogen atom and it is the 


D formation of ions by elements in groups 1, 2, 6 and 7 


Diagram E shows the number of protons, neutrons and electrons in each 
atom and ion in the formation of the ionic bond in magnesium oxide. 


A (mass number) —_ 
loses 2 electrons 
Z (atomic number) — 
magnesium ion magnesium ion 
12p 12n 12 42p 12n 102 
o ani Snene ee 


e 8p 8n 108 
‘oxygen atom 

oe SS a 
E ionic bond formation in magnesium oxide 


5 An aluminium atom Al loses three electrons when its ion is 
formed. 


a How many protons, neutrons and electrons are in the aluminium 
ion? 


'b Write the symbol for the aluminium ion. 


Draw dot and cross diagrams to show the ions in diagram E. 


| Bromine is in group 7 of the periodic table. 


| a Write the symbol for a bromide ion. (1 mark) 
|b State what the symbol tells you about the electrons in a bromide ion 
compared with a bromine atom. (1 mark) 
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outer electrons [2 6 U smallest particle that can take 
electrons lostorgained | ilost | 2lost | @gained | 1gained | | part in a chemical reaction. 
charge on ion 1+ | 2 2 1- 

example lr [ae = FE 3. Write the symbol for the 


ion formed by: 
a potassium (K) in group 1 
bb selenium (Se) in group 6. 


4 Asulfur atom contains 
16 protons. 


a How many electrons 
does it contain? 


b Write out its electronic 
configuration. 


¢ Explain why it forms S* 
ions. 


How confidently can you answer 
the Progression questions? 


$1 Describe what happens when 
lithium (group 1) and fluorine 
(group 7) react to form an 
ionic bond. 


E1 Using dot and cross diagrams, 
explain what happens when 
aluminium and oxygen form 
an ionic bond. 


‘+ What is an ionic lattice? 
‘+ What do the endings -ide and -ate tell you about a substance? 
+ How do you work out the formulae of ionic compounds? 


y, 
Na* (a sodium ion) Ct (a chloride ion) 


‘A Sodium chloride forms a cubic lattice 
structure, 


2 Explain why the solid 
shown in photo B can be 
described as crystals. 


B Sodium chloride crystals are shaped 


like cubes, These crystals are from a salt 


mine in Poland and the largest one has 
sides of 5cm. 


Ionic compounds, which are formed by the loss and gain of electrons, are 
held together by strong electrostatic forces of attraction between oppositely 
charged ions. These strong ionic bonds allow ‘billions’ of ions to be packed 
together in a regular repeating arrangement called a lattice structure. The 
lattice structure in sodium chloride is shown in diagram A. 


3 1a What holds ions together in an ionic bond? 
lonic compounds will often form erystals when solid because of their regular 


lattice structure, Crystals are pieces of solid that have a particular regular shape, 
flat surfaces and sharp edges. Photo B shows crystals of sodium chloride. 


b Why is the structure in diagram A described as a cubic lattice? 


The shapes of crystals are determined by the structure of the lattice. There 
are seven basic crystal or lattice structures. 


ra ig f rT 
= a — 
cube tetragonal_-—hexagonal_ trigonal 
. A 
a ( 
rf 
oy 
triclinic ‘monoclinic —_ orthorhombic 


C the seven basic crystal structures 


Working out ionic formulae 
lonic compounds are electrically neutral 


somunn Nat fuioride 3 (they have no overall charge). So the 
lithium ur chloride ct formula of an ionic compound contains 
potassium | K’ bromide Br the same number of positive charges 
ae me ae as negative charges, To work out ionic 
; A “i formulae we will need to use ion 
jean a eles 2 _| formulae, as shown in table D. Note that in 
| aluminium a phosphide Pp» | two-element compounds the name ending 


D common ions 


of the non-metal ion is changed to -ide. 
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Magnesium oxide contains the ions Mg® and O*. 


‘A magnesium ion has two positive charges and an oxide ion has the same 
number of negative charges. One of each ion will balance the charges, and 
so the formula = MgO 


Sodium sulfide contains the ions Na* and S*. 
Therefore two Na’ ions are needed to balance the charges on the S*- ion, 
and so the formula = Na,S 


‘Some ions contain more than one atom. For example, = 


the sulfate ion, shown in diagram E, contains one 
sulfur atom bonded to four oxygen atoms with two 
added electrons. More examples of these polyatomic 
ions are shown in table F. An ion name ending ‘ate’ 
or'-ite' shows that the ion contains oxygen as well as 
another element. 


E The formula of a 


If an ionic formula contains two or more of the same _Stlfate ions SO". 


polyatomic ions then the formula of the polyatomic 
ion must be written inside brackets. 


Calcium nitrate contains the ions Ca** and NO, 


Therefore two NO, ions are needed to balance the charges on the Ca ion, 
and so the formula = Ca(NO,), 


Note that the brackets are needed around the polyatomic ion. Without 
brackets the formula becomes CaNO,, and this compound is not possible. 


5 Write the formulae for: 

SE} a sodium carbonate b ammonium sulfate. 
6 Li,PO, is an ionic compound. 

3 a Suggest a name for this compound. 


¢ b Write the formulae for both of the ions. 


Potassium iodide and potassium iodate, which contains the ion 1O,,, are 
both used in health supplements. 


a Give the formulae for both compounds. (1 mark) 
b Compare 
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id contrast these two compounds. 2 marks) 


3° Write the formulae for: 


6} a sodium fuoride 
co) b calcium sulfide 

© magnesium bromide 
£23 4 aluminium oxide. 


4 The formula of iron 
chloride is FeCl,. 


2 ‘a What is the charge on 


the iron ion? 

3 b Explain how you worked 
‘out your answer. 

ammonium — | NH," 

nitrate NO, 

hydroxide OH 

carbonate coe 

sulfate soe 

sulfite so 


F Polyatomic ions are groups of two 
‘or more atoms, which have become 
charged. 


How confidently can you answer 
the Progression questions? 


S1 Describe with the help of a 
diagram the type of structure 
you find in ionic compounds. 


E1 What does the formula 
Fe,(PO,), tell you about the 
compound and its structure? 


Progression questions 


* What particles and forces are present in ionic compounds? 
‘+ Why do ionic compounds have high melting points and boiling points? 
‘+ Why do ionic compounds conduct electricity when they are liquids or dissolved in water but not when they are solids? 


Allionic compounds contain charged particles called ions. lons have one 
or more positive charges or one or more negative charges. The oppositely 
charged ions in ionic compounds are held together by strong electrostatic 
forces of attraction, which we call ionic bonds. It is important to remember 
that ionic compounds contain ions, not atoms or molecules. 


In ionic compounds, huge numbers of ions are arranged in a giant structure 
or lattice. This has a regular pattern and so ionic compounds form crystals. 


{3} 1 state the type of particles present in an ionic compound. 


GE} 2 State the type of forces found in an ionic bond, 


A the lattice structure of sodium bromide 


Melting points and boiling points 

The electrostatic forces of attraction between oppositely charged ions 

are strong. A lot of energy is needed to overcome these forces in order 

to separate the ions and cause the substance to melt. This is why ionic 
compounds must be heated to high temperatures before they change state. 
They have high melting points and boiling points, 


‘Some ions have more than one charge (such as Mg" and O*). These highly 
charged ions will attract other ions more strongly than ions with one 
charge. More energy will be needed to overcome the electrostatic forces of 
attraction and so the melting points will be higher. 


sodium bromide, NaBr | 747 1390 
sodium chloride, NaCl | 801 1413 
magnesium oxide, MgO | 2852 3600 


C lonic compounds have high melting points and boiling points. 


3 3. Explain why ionic Electrical conductivity 
‘Sompounds have high lonic compounds conduct electricity when they are molten or dissolved in 
melting points. water. They do not conduct electricity when they are in the solid state. 
83 4 Explain why magnesium Two conditions must be met for a substance to conduct electricity: 
oxide has a much higher 
melting point than * it must contain charged particles 
sodium chloride, + these particles must be free to move. 
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Properties of ionic compounds 


3 5 Samples of sodium chloride and magnesium oxide are both 
heated to 1080°C. State and explain how the properties of these 
two compounds will or will not change at this temperature 
compared to room temperature. 


When an ionic compound conducts electricity, it is the charged ions that carry the 
current. lonic compounds do not conduct electricity in the solid state as the ions 
are not free to move from place to place. When the ionic compound is molten or 
in aqueous solution, the ions are free to move and so it does conduct electricity. 
Most ionic compounds are soluble in water and form an aqueous solution. 


Positive and negative ions fixed In solution, positive and negative 
in a solid do not conduct a current. ions move and conduct a current. 
D Solid sodium chloride does not conduct electricity but aqueous sodium chloride 
does conduct. 


The negative ions are also known as anions and they are attracted to the positive 
electrode, which is called the anode. The positive ions are also known as cations 
and they are attracted to the negative electrode, which is called the cathode. 


It is important to remember that it is ions moving that enable ionic 
compounds to conduct electricity and that it is not electrons moving. 


GE} © Explain why ionic compounds conduct electricity when they are 
dissolved in water. 


£53} 7 Magnesium oxide is insoluble in water. State the condition needed 
for magnesium oxide to conduct electricity. 


Magnesium chloride is an ionic compound and has a high melting point. 
Explain why magnesium chloride has a high melting point. (3 marks) 
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Molten salts are used to store 
energy in some solar power 
stations. The salts are heated 


up by the Sun and release their 
thermal energy at night, allowing 
electricity to be generated when 
itis dark, 


How confidently can you answer 
the Progression questions? 


$1 You are given a substance and 
asked to find out if it is an 
ionic compound. Describe the 
tests you would carry out in 
order to decide. 


E1 Table E shows some 
properties of five compounds. 


A 
B 
c | 792 |yes | yes 
D | 605 | yes yes 
— |150 |yes | no 
E 
Identify the compounds 


that have ionic bonding 

and explain your reasoning. 
Give reasons why the other 
compounds do not have ionic 
bonding. 


+ What are the names of some covalent molecules? 
* How are covalent bonds formed? 
* How can dot and cross diagrams be used to explain the formation of covalent molecules? 


Molecular substances contain groups of atoms that are held together by 

° - strong bonds called covalent bonds. The number of atoms of each element 
Accup of tea will contain over bonded together in a simple molecule is shown by its molecular formula. 
1.000 000 000 000 000 000 000 000 


(10) water molecules. This is the 
same as the estimated number of 
stars in the Universe. 


theanine 
CH,NO, 


(FB 1 a Whatis a molecule? 


¢ b What does a molecular 
formula tell you about a 
substance? 


2 Oxygen molecules consist A Most of the molecules in a cup of tea are water, which has the molecular formula H,0. 


isaac Covalent bonds are usually formed between non-metal atoms and are 
J — a witethe molecular produced by sharing pais of electrons. By forming the bond the atoms 
formula for oxygen. become more stable, because they can use the shared electrons to complete 
P their outer electron shells. The reason why noble gases are so stable is 


SE} > Beplainwhy a noble 
gas, such as argon, 
exists as single atoms The dot and cross diagrams in diagram 8 show how covalent bonds are 


because they have full outer electron shells. 


and not as molecules. formed. Counting the shared electrons, each atom now has a complete outer 
shell of electrons. Sometimes atoms share more than one pair of electrons 
Dots show electrons from one atom to fill their outer shells, In oxygen and carbon dioxide the atoms share two 
and crosses show electrons from the pairs of electrons, to form double bonds, 


‘other atom. This allows us to see 
which atoms the electrons in the bond 
originally came from. The electrons 


themselves are all identical, ty double covalent bond double covalent bond 
single covalent bond (8 R {2} 
7 
single 
covalent 
bond 
a hydrogen b hydrogen chloride ‘c oxygen d carbon dioxide 


B Dot and cross diagrams can be used to explain how covalent bonds are formed. 
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Covalent bonds 


EZ} 3a Describe how covalent bonds are formed. i 
2 b Write the molecular formulae for the substances shown in diagram B. f—c— 
SEB 4 The electronic configuration of fluorine is 2.7. Draw a dot and cross bain) ih 


diagram to show how fluorine molecules (F,) are formed. jcslesisec Gosia. _<staicawen Samia 
‘The atoms in molecules are held together by strong electrostatic forces of attraction 
between the positive nuclei and the negative electrons in the bonded atoms. There 
are also some forces of attraction between molecules but these are very weak 

in comparison. Atoms and molecules are extremely small, about 10° metres 
across, so we represent them using models, such as those shown in Diagram C. 


42} 5 Whatholds the atoms together whena covalent bond has been formed? —_eross diagram (outer shell only) 
H 
Working out molecular formulae ii 
The numbers of covalent bonds formed by atoms of different elements are , Hi HW 
shown in table D. This is called the valency of the element. It is the same as if 
the number of electrons needed to obtain a complete outer shell. 30 space filing ball and stick 
C different representations of methane 
= aaa | aa 6 Look at diagram C. 
4 Cand Si 4 4 4 n\Howare bonds 
5 Nand P 5 3 3 represented in 
73 Oands A 2 . structural formulae? 
7 Rand Gla: 7 7 b Describe the covalent 
bonds in methane. 


D valencies of some elements ¢ Draw four different 


2 
2 


Diagram E shows how molecular formulae can be worked out by matching. models of a water 
up the valencies, so that all atoms have the correct number of bonds (and so molecule, including one 
a complete outer electron shell). dot and cross diagram. 
‘Shas a valency of C has a valency of 
2.s0 it forms 2 bonds 4 so it forms 4 bonds How confidently can you answer 
the Progression questions? 


E working out the formula of carbon sulfide $1 What does diagram B tell you 
7 Work out the molecular formulae for: bout tnycrogen Norley 


= i fi " ide 
3 a oxygen fluoride b hydrogen sulfide _¢ nitrogen chloride. 1 Describe the bonding ina 


ST ss icetysrogen 
contains three hydrogen 

| Describe the bonding in a molecule of water, which contains two atoms and one nitrogen atom. 

| GB marks) Use diagrams in your answer. 
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‘+ Why do simple molecular compounds have low boiling and melting points? 
+ Why are simple molecular compounds poor electrical conductors? 
+ What is a polymer? 


% rE 
Box % oe 
%e toa 


A ball and stick’ models of H,0 
molecules 


Intermolecular forces can allow 
water in an open container to 
be higher than the top of the 
container. 


\) 


All compounds contain atoms of more than one element, chemically joined 
together by bonds. The properties of a compound are influenced by its 
atoms and by its type of bonding. 


‘Some compounds exist as molecules distinct groups of atoms joined 
by covalent bonds. They have covalent, simple molecular structures. 
‘An example is water. One molecule of water always contains one atom of 
‘oxygen covalently bonded to two atoms of hydrogen. 


1 Look at diagram A. 
3 ‘a What do the red and white spheres represent? 
3 b How are bonds represented in this model? 


3 2) Whyis the ratio of oxygen to hydrogen atoms the same in every 
glass of water? 


Melting and boiling points 

The covalent bonds in a water molecule are strong forces of attraction, 
However, there are also weak forces of attraction between molecules ~ 
intermolecular forces, These intermolecular forces hold water molecules 
together and must be overcome when turning liquid water into a gas. 
Small, simple molecules such as water often have low melting and boiling 
points, because it doesn’t take much energy to overcome the weak 
intermolecular forces, 


2 3. Covalent bonds are strong, so why does water have a low melting 
point? 


° 4 What would you expect the strength of the bonds to be like 
between carbon and oxygen atoms in carbon dioxide, compared 
to the strength of the forces between neighbouring carbon 
dioxide molecules? 


a Methane consists of molecules (containing one carbon atom 
covalently bonded to four hydrogen atoms). Would you expect 
methane to have a high or low melting point? 


b Explain your reasoning. 
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Conduction of electricity 
An electric current is a flow of charged particles. Simple molecules have no 6 Explain why water is 
overall charge and so cannot carry an electric current. In a covalent bond, a poor conductor of 
electrons are shared between two atoms. The strong forces between the electricity. 
negatively charged electrons and the positively charged nuclei hold the 

electrons in place. The electrons cannot flow and so cannot carry a current. 


Polymers 
Monomers are small, simple molecules that can be joined in a chain to 

form a polymer. Carbon atoms can form up to four covalent bonds with 
other atoms, and so monomers are usually linked together by covalent 

bonds between carbon atoms, Most 
polymers contain a chain of carbon 
atoms. 


What is a polymer? 


Poly(ethene) (or ‘polythene’ is a 
common polymer made of ethene 
monomers (as shown in diagram D). 


Polymer molecules can have 
different lengths. Longer polymers 
have more intermolecular forces 
between them. The longer chains 
also tend to get tangled up with one 
another. For these reasons, longer 
polymers have higher melting and _€ Poly(ethene) sheets are often used to protect things, such as plants. These are 


boiling points than shorter ones. coffee beans being dried, 
(i) ethene (ii) poly(ethene) 
H H H H H 
ef at 
HW 4 a the Progression questions? 


D tw dimensional models of () an ethene molecule monomer ‘strengthen 


(Os Robipthene) molecute 1 You can ask three questions 
to find out if a substance 


{2} & a What monomers used to make poly(butene)? consists of simple molecules 
or not. What questions would 
b What polymer is formed by linking styrene monomers together? you ask? 
GB 2 Explain why most polymers are solids at room temperature, SS | 
whereas their monomers are liquids or gases. E1 Propene melts at -185 °C. 


Explain how the melting point 
EE i cengest otnerproe 
will change if other propene 
Explain why small molecules have a lower melting point than large molecules are added together 
polymer molecules. (GB marks) to forma chain. 
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* How are simple molecular structures different from giant covalent structures? 
+ What are the differences in structure between the different allotropes of carbon? 
+ How do we explain the properties and uses of graphite, diamond and fullerenes? 


1 Whats an allotrope? 


A Buckminsterfullerene is a simple 
molecule. 


£03 2  Afullerene has the 
formula C,,, Describe its 
‘structure. 


& 3 Explain why fullerenes 


have low melting points. 


Buckminsterfullerene is named 
after an American architect called 


Richard Buckminster Fuller, who 
designed spherical buildings with 
a similar structure to C,. 


3 4 Explain why graphene is 
not a simple molecule. 


Molecules are groups of atoms joined by covalent bonds. Molecules can be 
compounds (such as water, H,0) or elements (such as oxygen, ©). 


The element carbon can form a number of different molecules. Different 
structural forms of the same element are called allotropes, The structure 
and bonding in different allotropes influences their properties and uses. 


Fullerenes 


Carbon can form simple molecules called fullerenes, in which each 

carbon atom is covalently bonded to three other carbon atoms. Fullerenes 
are often tubular molecules (nanotubes) or spherical, An example is 
buckminsterfullerene (or ‘bucky ball’, which has 60 carbon atoms that form 
a ball with the formula C,,. 


Fullerenes have weak intermolecular forces between the molecules and 
so have low melting points (or sublimation points). These weak forces also 
make them soft and slippery. However, the molecules themselves are very 
strong due to their covalent bonding. 


Graphene 

Graphene is similar to fullerenes but is not a simple molecule. It consists of 
a sheet of carbon atoms with no fixed formula, The sheet is just one atom 
thick, making it the lightest known material, but its covalent bonds make it 
extremely strong. It also allows free electrons to move across its surface and 
50 is a good electrical conductor. 


‘graphene sheet 


B Graphene can be a sheet or can be rolled into a tube, 
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s of carbon 


Giant structures of carbon strong 
Diamond and graphite are two more bond 
allotropes of carbon that are not 
simple molecules, They are both 
examples of covalent, giant molecular 
structures, which have huge 
three-dimensional networks of carbon 
atoms linked by covalent bonds. 


£23 5 How many covalent bonds 
will most carbon atoms form 
in graphite, diamond and C,,? 


(O) 
C small sections of () graphite and (i) diamond to show the arrangements 
of atoms 


£73 6 Describe how simple 
molecular structures 
are different from giant 
molecular structures. 


Graphite and diamond both have high melting points because of the many 
strong covalent bonds that need to be broken to melt the solids. 


However, graphite has three covalent bonds for each carbon atom, whereas 
diamond has four. This gives graphite a layered structure and means 

that not all of its electrons are held in covalent bonds. These detocalised 
electrons are free to move and can carry an electrical current. Since graphite 
conducts electricity well and is cheap and not very reactive, it is used as 
electrodes (in electrolysis). 


423 7 Explain why graphite conducts electricity but diamond does not. 


The sheets of carbon atoms in graphite are held together by weak forces of 
attraction (purple dashed lines in diagram C). These weak forces allow the ~ 4 
layers to slide past each other, which makes graphite quite soft and useful 


asa lubricant. D This cutting head, used in mining, is 


studded with diamonds. 
Diamond is very hard because it has a rigid network of carbon atoms ina 
tetrahedral arrangement, joined by strong covalent bonds. This property 
makes diamond useful for tools to cut things. It is also an electrical insulator 
because it has no free charged particles. 


How confidently can you answer 
the Progression questions? 
8 Explain why: 


4&3 @ graphite is used as electrodes 
S1 Describe how the structures 


423 > diamonds are used on cutting heads when drilling through rocks of four allotropes of carbon 
> . 7 . cause their properties. 
€E3 —¢ spherical fullerenes are used in some lubricants. 


Ee cco woes rect 
rolled into tubes. Predict the 


Explain why graphite is softer than diamond. (4 marks) properties of these tubes. 
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Progression questions 


‘+ What are the typical physical properties of metals and non-metals? 
+ How are the particles arranged in metals? 
+ How can we explain the properties of a metal in terms of its bonding and structure? 


Tretudetiemadedt ron Mets) Chemists classify elements into metals and 

have some common properties: | non-metals, depending on their properties. 

* solids wih high meling pois | Just over three-quarters of the elements are 
‘shiny (when polished) metals. 

+ malleable 


cere iors of electricity | Ametal ora non-metal may not have all the 


common properties shown in photo A. 


‘Suffuris a non-metal, Non-metals 1 Give two general properties of: 

‘have some common properties: 

* solids, liquids or gases with 
low melting points 

+ not usually shiny (when solid) 

+ brittle (when solid) 

+ low density 

* poor conductors of electricity, 


a metals 


b non-metals. 


Name a form of the non-metal 
carbon that is a good conductor 
of electricity. 


A Sulfur being unloaded at a port in Darwin, Australia. 


Metallic structure and bonding 


The atoms in a metallic element are all the same size and are packed closely 
together in layers to form a giant lattice. 


Metal atoms have one, two or three electrons in their outer shell. These 
BAB __ vutershelt electrons are lost from each atom and become free to move 
=. _ randomly throughout the metal. This leaves a giant lattice of positive metal 
@ @\ e) { @ _ ionssurrounded by a'sea of delocalised electrons, which move randomly in 
_ i y _alldirections. 


ee 
eo) i) (>) he) Metallic bonding is the electrostatic attraction between the positive metal 
ey - ions and the negative delocalised electrons. This attraction is strong, so 


@'@ AG meals have high meting and boting points. 


3 a Describe the structure of a metal. 


B Metals consist of stacked layers of ions 
ina sea ofdelocalised (Hee) electrons. 29% ty Describe the bonding in a metal 


3 4 Explain why most metals have high melting points. 


Osmium is the most dense metal at room temperature (the mass of 1 cm? is 
22.6 g). A lump of osmium the size of an average smartphone has a mass of 
1.5 kg (the same as one and a half bags of sugar)! 
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Metals are malleable 

Metals are malleable. This means that they can be hammered 
or rolled into shape without shattering. When you hit a metal, 
the layers of ions slide over each other. The ‘sea’ of electrons 
holds the ions together and so the metal changes shape 
instead of breaking, 


2 5 Copper is used to make some saucepans. 
Explain why copper can be bent and shaped into 
a saucepan. 


Metals conduct electricity 
The delocalised electrons move randomly between the positive metal ions in 
all directions. When a potential difference (voltage) is applied between two 
points on a piece of metal, the electrons will flow towards the positive side. 
This flow of electrons transfers energy and forms an electrical current. 


potential difference 
(voltage) 


E When a voltage is applied to a piece of metal, an electrical current flows. 


2 6 Copper is used to make electrical wires. Explain why copper is a 
good conductor of electricity. 


Substances that conduct electricity better than others have a higher 
electrical conductivity. The electrical conductivity of the metals increases 
as the number of delocalised electrons increases. Each sodium ion 

has one positive charge, Na’, and contributes 1 electron to the ‘sea’ of 
delocalised electrons. Each magnesium ion has two positive charges, Mg", 
and contributes 2 electrons to the ‘sea’ of delocalised electrons, and so 
magnesium has a higher electrical conductivity than sodium. 


7 Aluminium forms AP ions. Explain why aluminium has a higher 
electrical conductivity than magnesium. 


| Explain how metals conduct electricity. (2 marks) 
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‘C When hit or bent, the layers of ions in a metal can 
slide over each other. 


D Copper conducts electricity well and 
so is used for electrical wiring. 


How confidently can you answer 
the Progression questions? 


S1 You are given a solid substance 
and asked to find out if it isa 
metal or a non-metal. Describe 
the properties you would need 
to find out about. 


E1 Elements A and Bare solids at 
room temperature. Element A 
has a melting point of 98 °C, 

a density of 0.97 g/cm? 

and conducts electricity. 
Element B has a melting point 
of 217°C, a density of 

481 g/cm’ and doesn't conduct 
electricity. Are these elements 
metals or non-metals? 

Explain your reasoning. 


‘+ What different types of structure and bonding models are used to describe substances? 
+ How do these models help explain the properties of substances? 
+ What are the limitations of the models that we use to show structure and bonding? 


‘A.30 models of some gas molecules 


1 Look at the substances in 
the box below. 


potassium fluoride 
carbon dioxide 


diamond 
magnesium 


Which substance: 


a conducts electricity 
when solid 


b is most likely to 
dissolve in water 


¢ has the lowest melting 
point? 


Name the type of 
bonding and structure 
that usually has a low 
melting point. 


b Explain why the 
melting points of these 
substances are usually 
low. 


Scientists have developed models to explain how different types of bonds 
and structures are formed. These models help us explain the properties of 
different substances, Most elements and compounds fit into one of the four 


main models summarised below. 


tonic 

Where found: in most compounds 

containing metal and non-metal atoms. 

Bonding: ionic bonds formed by the 

loss and gain of electrons to produce 

oppositely charged ions that attract 

‘one another, 

Steucture: billions of ions held 

together in a lattice structure. 

Properties: 

+ high melting/boiling points 

+ many are soluble in water 

* conduct electricity when liquid or in 
solution but do not when solid. 


Giant covalent 

‘Where found: in a few non-metal 
‘elements and some compounds of 
non-metals, 

Bonding: covalent bonds formed when 
atoms share pairs of electrons. 
Structure: billions of atoms held 


together ina lattice structure, 
Properties: 

'* high melting/boiling points 
+ insoluble in water 


* most do not conduct electricity 
{except in carbon as graphite). 


‘Simple molecular (covalent) 
Where found: in most non-metal 
‘elements and compounds. 


Bonding: covalent bonds formed when 
‘atoms share pairs of electrons. 


‘Structure: small, distinct groups of 
atoms. 


Properties: 
+ low melting/boiling points 

+ afew are soluble in water 

+ most do not conduct electricity. 


‘Metallic ] 


Where found: in all metals. 

Bonding: metallic bonds are the 
electrostatic attraction between 
positive metal ions and negative 
delocalised electrons. 

‘Structure: billions of ions held together in 
giant lattice structure of positive ions in. 
a ‘sea’ of negative delocalised electrons. 
Properties: 

‘+ high melting/boiling points 

'* insoluble in water 


+ conduct electricity when sold or liquid. | 


The models help to explain some of the properties. For example: 


+ Substances with high melting points have many strong bonds that need 
to be broken during melting. Substances with low melting points have 
only weak forces that need to be overcome between molecules. 

+ Substances that conduct electricity have charged particles that can freely 
move. Substances that do not conduct electricity have charged particles 
that cannot move or particles that are not charged. 
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Bonding models 


Explain why sodium metal conducts electricity when itis solid or 
liquid but sodium chloride conducts only when liquid. 


Awhite solid with a melting point of 2614 °C does not dissolve in water. 


a Is the substance ionic or covalent or can you not tell? 
Explain your answer. 


2 b Describe a test you could do to help you answer part a. 
Bs 
Problems with bonding models 


The bonding models that we use to explain the properties of matter all have 
certain weaknesses or limitations, 


What do sodium ions and chloride ions have in common? 


The dot and cross diagram for hydrogen chloride in diagram B shows how 
electrons are shared in covalent bonds. However, dot and cross diagrams 
do not show the structure formed and they suggest that the electrons in 
different atoms are different, when they are actually all the same. 
@.@ @-0-@ 

90000 

06.0.6 8 nn 
@-@ @ @_@ +metaion 
c 


The metallic model in diagram C 
shows the metal ions held in 

a lattice and explains why it 
conducts electricity, but the 
model does not show that the 
‘ions will be vibrating all the time. 


3D ball and stick models, like diagram D for 
diamond, show which atoms are joined together 
and show the shape of the structure. However, 
they also show the atoms too far apart and there 
are not really ‘sticks’ holding the atoms together. 


SE} 6 a Drawa 3D structural ball and stick 
model of a sodium chloride lattice. 


Fo) 


£3 7 Describe one strength and one weakness of the 3D models shown 
in photo A. 


b Drawa dot and cross diagram for 
sodium chloride, 


¢ Explain one strength and one weakness of a dot and cross 
diagram for sodium chloride. 


‘Suggest an explanation why the melting point of silicon dioxide (1610 °C) is 
so much higher than the temperature at which solid carbon dioxide changes 
state (-78.5 °0), although both compounds contain covalent bonds. (3 marks) 
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Ideas about chemical bonds can 
be traced back to Roman times. 
‘The Roman poet Lucretius (95 


BCE-c.55 BCE) imagined atoms 

as tiny spheres with fishhooks 
embedded in them. The atoms 
formed bonds when the fishhooks 
got tangled up with one another. 


How confidently can you answer 
the Progression questions? 


$1 Drawupa summary table 
describing the four ‘types of 
bonding and structure’ under the 
headings: where it occurs’;’how 
bonds form’; ‘type of structure’, 
‘properties’ and ‘examples’. 


E1 The models below show 
methane. 

a Draw a dot and cross 
diagram for methane. 

b Describe one strength and 
‘one weakness of your dot 
and cross diagram and the 
two models below. 


Bonding 6 nas 
Sodium chloride and hydrogen chloride are both compounds of chlorine. Sodium chloride has a boiling point of 


1413°C, Hydrogen chloride has a boiling point of -85°C. 


Explain this difference in boiling points in terms of the structure and bonding in the particles of the 
two compounds. (6 marks) 


As it isa metal and a non-metal, sodium chloride [1] This is a good description of the bonding and structure 
contains ionic bonds with lots of oppasitely charged of sodium chloride. 

ions attracting each other to form a giant lattice 
structure (1). Ionic compounds contain lots of strong 
bonds which keep it solid (2). 


{2] The question asked for an explanation of the high 
boiling point, not why it was solid. 


[3] The diagram will get no credit as it is not labelled or 


described. 
Hydragen chloride contains covalent bonds and is made 
up of molecules. The covalent bonds are strong bonds that 
ald the atoms tagether in the molecules. Substances [4] This part of the answer does not explain why hydrogen 
which contain molecules have low boiling points (4). chloride has a low boiling point. 


This is an acceptable answer, It contains a good description of 
the bonding and structures of sodium chloride and hydrogen 


chloride. The answer has included information on both of the You are more likely to get better 
compounds in the question and uses correct scientific terminology. marks in a question which 
requires extended writing if you 
This answer could be improved by explaining why the boiling plan your answer before you 
points are low or high. The student should use scientific start. The plan can simply be a 
knowledge to explain the link between the structures of the list of the keywords or phrases 
compounds, the bonding within them and their boiling points. that you want to include. It is 


also useful to organise these 
keywords in a logical order to 
help structure your answer. 
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s an environmental problem that caused extensive harm to plants 
and animals, We still live It with many important chemical 


tants 


All solution e either acidic, 


alkaline or neutral, as are many household and industrial chemicals. In 
this topic you will explore the nature of acidic and alkaline solutions, an 
investigate their most important reactions, properties and use 


Previously you will have learnt at KS3: 

+ about solubility, solutes, solvents and solutions 

+ how common international hazard symbols are used 

= about common acids, alkalis and neutral solutions 

+ about the use of indicators to test the pH of solutions 

+ about what happens during simple neutralisation reactions 

In this unit you will learn: 

+ about the ions in acids and alkalis, and how their concentrations are 
linked to pH 

+ what happens in the reactions between acids and different types of 
bases 

+ how different indicators can be used in acid-alkali titrations 

+ how different soluble and insoluble salts can be prepared in the 
laboratory. 


* Why are hazard symbols useful? 


* What are the effects of acids and alkalis on some common indicators? 
* What does the pH tell us about the ions in a solution? 


A International hazard symbols are 
used in all countries, 


B Universal indicator can be used to 
find an approximate pH value. 


3 Place the following pH 
values in order of increasing 
acidity. 4,1, 7,9, 6. 


a What pH is the solution 
in photo B? 


b What colour would this 
solution turn each of the 
indicators in table C? 


All aqueous solutions, including those found in many household chemicals, 
are either acidic, alkaline or neutral. Some, including those that are neutral, 
can cause problems. For example, some acids and alkalis can be corrosive, 
toxic or harmful to the environment. The hazards associated with handling 
particular solutions are identified by international symbols, and they 
indicate the precautions that need to be taken when handling them. 


“1 Name two acids and two alkalis used in the home. 


w% 2 a Suggest an advantage of having internationally agreed hazard 
symbols. 


“% —_b Suggest a safety precaution for each of the hazard symbols 
shown in photo A. 


Indicators and pH 

The acidity or alkalinity of a solution is measured on the pH scale. Most 
solutions lie between 0 and 14 on the scale, Solutions with a pH of 7 are 
neutral, while acids have a pH lower than 7 and alkalis have a pH greater 
than 7. The lower the pH, the more acidic the solution, The higher the pH, 
the more alkaline the solution 


The pH of a solution can be found by using indicators ~ substances that 
change colour depending on the pH. The universal indicator in photo B 

is made from a mixture of different indicators and produces a range of 
colours depending on the pH. Some other common indicators are shown in 
diagram C. 


Did you know? 


| Plant dyes can be 
used as pH indicators. 


colour in 
alkaline The juice from cherries 
solutions is bright red in acid 

| | solutions but turns 
colour in |__| blue/purple in alkalis 
acidic Curry powder contains 
solutions the pigment curcumin, 


which changes from 
yellow at pH 7.4 to red 
at pH 8.6 


| colourless 


C the colours of litmus, methyl orange and 
phenolphthalein 
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lons in acids and alkalis 


An ion is an atom that has become charged by losing or gaining electrons. 
Losing electrons forms positive ions (e.g. Na’, H’). Gaining electrons forms 
negative ions (eg. Cl, Br, S*). 


Polyatomic ions are formed when small groups of atoms, held together by 
covalent bonds, lose or gain electrons. Examples include OH’, NO, and SO,*. 


Acids produce an excess of hydrogen ions (H’) when they dissolve in water. 
For example, hydrochloric acid is formed when hydrogen chloride gas 
dissolves in water and splits into H’ ions and Cl’ ions as shown in diagram E. 


5 _ byrogm 
a s 
) 


; ® hydrogen 
Ni e 5) 


ions 
_-water e ee 9 chloride 
> ee 


hydrochloric 
atid eokiton | =) 


E Acids form hydrogen ions in water. 


Alkalis produce excess hydroxide ions (OH) in water. For example, solid 
sodium hydroxide splits into Na’ and OH’ ions when it dissolves. 


| The higher the number of hydrogen ions in a certain volume, the higher 
| their concentration. The higher their concentration, the more acidic the 
| solution and the lower the pH. 


' 
| The higher the concentration of hydroxide ions, the more alkaline the 
| solution and the higher the pH. 


' , 
; Neutral solutions, such as pure water, have a pH of 7 and contain low, 
| equal, concentrations of hydrogen ions and hydroxide ions. 


| €8B 8 Describe what happens to the acidity and pH of a solution, 
' ‘as more hydrogen ions are added. 


Explain why the pH of a hydrochloric acid increases when pure water is 
added. (2 marks) 


b What would happen to the pH of salt solution (pH 7) if pure water was 
added? Briefly explain your answer. (2 marks) 
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hydrochloricacid | HCL 
sulfuric acid H,SO, 
nitric acid HNO. 


sodium hydroxide | NaOH 
potassium hydroxide | KOH 
calcium hydroxide | Ca(OH), 


D common laboratory acids and alkalis 


{2} 5 Describe what the pH 
scale tells us about acidity 
and alkalinity. 


6 Anacid is formed when 
hydrogen bromide 
dissolves in water. 


2 a Suggest a possible pH 
for the solution and 
explain your choice. 


b Write the symbols for 
the ions that form in 
this acidic solution. 


& & 


What ions will each of, 
the substances in table D 
produce when they 
dissolve in water? 


How confidently can you answer 
the Progression questions? 


$1 Describe the differences 
between an acidic and an 
alkaline solution, 


E1 Explain how the nature of a 
solution is changing if the pH 
is: a increasing b decreasing. 


Progression questions iN 
+ Hl whatis the difference between dilute and concentrated solutions? 
+ Hl How do changes in the concentration of hydrogen ions affect the pH of a solution? 


+ Hl whats the difference between strong and weak acids? 


ct A concentrated solution contains a lot of dissolved solute per unit volume, | 
while a dilute solution contains only a small amount of solute. ; 
' 
i 
dissolved in water to make ; ——_—————— 
300 Gat oF eoncenteated Concentration = Caen Note: the minus sign shows | ! 
sulfuric acid solution. ee ae that g is divided by dm. A 
: Units: grams per decimetre cubed, gdm | 1dmis the same volume as | 
a What is a concentrated Litre or 1000. ! 
solution? For example, if 4g is dissolved in 50¢m?x. ‘|, 
: ; 5 ' 
42} Whatistheconcentration _Concentration= 4 = 80gdm” and i ine a by 10001 Fy 
of this solution in g dm? 0.05 8 S : 
' 
Accurate measurements of the pH of different concentrations of acid show + 
that the concentration of hydrogen ions in an acid is linked to the pH. 
Table B shows that if the concentration of hydrogen ions is increased by + 
a factor of 10, the pH decreases by 1. If the concentration decreases by a 
factor of 10, the pH increases by 1. H 
4 
F ; i 
pH elale [a else 


differenceln LULULULULULVULY) 


concentration of x10 x10 x10 x10 x10 x10 x10 


Hr ions 
A More concentrated acids contain B pH and concentration 
‘more hydrogen ions, so they react 
faster with magnesium metal, So, hydrochloric acid with a pH of 0 is 10 x 10 x 10 x 10 = 10000 times more 


acidic than vinegar, with a pH of 4. This means that a solution with a pH of 0 
has a concentration of H’ ions that is 10000 times greater than a solution 
with a pH of 4, 


What does the pH of a solution measure? 


An acid with a pH of 3 is diluted by a factor of 10. What will the 
new pH be? 


The most acidic rain recorded in Britain had a pH of 2. How much 
more acidic is this than normal rainwater with a pH of 5? 


' C Universal indicator only gives a rough 
| estimate of acidity, A pH meter is used What is the pH of the solution formed when 10 cm? of hydrochloric 
for accurate pH measurements, acid (pH 1) is made up to 1000 cm? with distilled water? 


1 
' 
1 
' 
' 
1 
1 
' 
1 
' 


| The pH of an acid depends on the type of acid as well as its concentration. 

| The acids in table D with low pH values are strong acids. Their molecules 

| dissociate (break up) completely into ions when they dissolve in water and 
' produce high concentrations of hydrogen ions. The other acids in the table 
| are weak acids, They do not dissociate completely into ions in solution. 

' Diagram E shows the difference between a strong and a weak acid. 


‘) chloride ions yethanoic acid molecules /” 


| 

ethanoate ions —_ & &é 
e*. 

w] neonin {* e_ M) 


strong acid like hydrochloric acid Aweak acid like ethanoic acid 
contains lots of hydrogen ions. contains only a few hydrogen ions. 


| Estrong and weak acids 


| The chemical properties of an acid depend on both the type of acid and its 
' concentration, as shown in photo F. 


6 List the strong and the 
weak acids in table D. 


7 About 1 in 60000 
butanoic acid molecules 
release hydrogen ions 
when they dissolve, while 
nearly all hydrogen iodide 
molecules do so. 


a Explain which acid is a 
weak acid. 


______FAdilute solution of a strong acid can 
b Explain which acid will havea similar pH and reactivity as a 


have the higher pH, concentrated solution of a weak acid. 
if both are the same This is because they can have similar 
concentration. concentrations of hydrogen ions. 


The pH of five solutions (J-N) are described below. 
J=pH4 K=pH12 L=pH7 =-M=pH3)—-N=pH1 


a Which two solutions have concentrations of hydrogen ions that differ 
by a factor of 10? (1 mark) 


b State and explain which solution could be a concentrated solution of 
strong acid, @ marks) 


carbonic acid 38 

nitric acid 10 

sulfuric acid we 

ethanoic acid 29 

boric acid [s2_ | 
[hydrochloricacid =| 10 
D the pH of acids of the same 
concentration 


The pH scale was developed 

in 1909 by Soren Sorensen 
(1868-1939) who was the head 
chemist in the Carlsberg Brewery 
in Copenhagen. The letters pH 
stand for ‘power of hydrogen’ 
where ‘p’is short for the German 
word for power, potenz, and H is 
the symbol for hydrogen. 


How confidently can you answer 


the Progression questions? 


$1 What do the following terms 
tell you when they are used to 
describe an acid solution? 
aconcentrated bdilute 
¢strong d weak 


E1 Explain how a concentrated 
solution of a weak acid could 


have the same pH and similar 
reactions to a dilute solution 
of a strong acid. 


Progr 


sion questions 


+ Why are metal oxides bases? 
‘+ What happens during neutralisation? 
+ How cana soluble salt be prepared from an acid and an insoluble base? 


Bases are substances that neutralise acids to form a salt and water only. 
All metal oxides are bases. For example, magnesium oxide is used to 
neutralise acids, like sulfuric acid, in industrial waste water. 


MgO(s) + H,SO(aq) + — MgSO,(aq) + H,0(!) 
magnesium oxide + sulfuricacid > magnesium sulfate + water 


Note the use of state symbols in brackets after the formulae in symbol 
equations: (s) ~ solid; (I) - liquid; (g) - gas; (aq) - dissolved in water. 


All neutralisation reactions with metal oxides occur in a similar way: 
metal oxide + acid — salt + water 


During neutralisation, hydrogen ions in the acid combine with oxide ions 
to form water. This removes the hydrogen ions and so the pH increases 
(becomes more neutral). 


A Desulfurisation units attached to The salts are produced by replacing the hydrogen ions with metal ions, as 


Power station chimneys remove acidic shown in diagram B, Different acids form different salts, as shown in table C. 
sulfur-containing gases, by reacting 


them with the base calcium oxide. 


. ‘The hydrogen ions have been 
% 1 What is a base? replaced by magnesium ions, 
forming the soluble salt 


GE} 2 Write a word equation and ee — aac: 
a symbol equation for the { } 


reaction of solid zinc oxide | | 
(Zn) with sulfuric acid. ® 9, ; 
@ OM%@ 
2%@ 


hydrochloric acid | chloride 


sulfuric acid sulfate MgO(s) + —2HCi(aq) — MgCi(aq) + —H,O(I) 
. magnesium , hydrochloric magnesium 
| nitric acid nitrate pol de == chloride eer 
C salts from acids B how the salt magnesium chloride is formed 
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£73 3 Write a word equation for the reaction between nitric acid and 
sodium oxide. 
z ‘Limelight’, meaning ‘the centre 
£7} 4% Copy and complete the symbol equation below, including the of attention’, originated from 
missing state symbols. 19th-century stage lighting 
i i systems. These used burners to 
HES! * ie) BERed) * heat lumps of lime (calcium oxide), 
Preparing soluble salts making them glow white hot. 
The reaction between an acid sept step 3 
and an insoluble metal oxide can ‘add excess tint) filler to remove the unreacted 
be used to prepare samples of tin(Il) oxide. oxide solid from the solution 
different soluble salts. For example, nh bee 
tin chloride can be prepared ay eee chionde —watorsiowhy ion 
by reacting tin(II) oxide with acid solution crystallisation to occur 
hydrochloric acid solution. The steps a> 
involved are shown in diagram D. y —<s 
An excess of the base Is always added,  tnvesiectna sree 
tomake sure that all the acid is, water bath) ge eee 
used up.To make sure the prepared 5. 
salt is pure, the mixture is filtered to Gently warm the Stop 4 
remove the residue (the unreacted mixture to speed A heat to evaporate 
metal oxide) from the filtrate, leaving UP the reaction W ae ad onoanrale 
only the salt and water. A solid heat 
sample of the salt is then obtained ‘SnO(s) + 2HCl(aq) > SnClfaq) + H,0(0 


by allowing the water to evaporate so 
that crystallisation of the salt occurs. 
Allowing the water to evaporate 
slowly will form larger crystals. 


tin(l) oxide + hydrochloric acid > tin(ll) chloride + water 
D the preparation of tin(l) chloride (eye protection must be worn) 


How confidently can you answer 
the Progression questions? 


$1 Drawa flowchart to explain 
the steps involved in 
preparing a soluble salt from 
an insoluble base. 


£1 Aluminium nitrate, Al(NO,),, 
can be made using aluminium 
oxide, Al,O,, and nitric 
acid, HNO,, Describe the 
preparation of aluminium 


5 Magnesium nitrate can be made by reacting magnesium oxide 
with an acid, 


a Name the acid used. 


we 


b Why should the acid solution be warmed slightly? 
¢ Why is the magnesium oxide added in excess? 

d Why is the mixture filtered? 

@ Why is the salt solution heated? 


a 


Explain what happens to the hydrogen ions during the reaction 
between hydrochloric acid and tin(ll) oxide. 


GSSSS 


nitrate and explain each step 
Explain, with reference to the ions present, how the pH of the acidic chimney of the process, including word 
gases in photo A will change as they pass over calcium oxide. GB marks) and symbol equations. 
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Investigate the preparation of pure, dry, hydrated copper sulfate crystals starting from copper oxide including the 
use of a water bath. 


Salts, such as copper sulfate, are compounds formed by reacting an acid 
with a base. In the formation of a salt, the hydrogen ions in the acid are 
replaced by a positive ion (usually a metal ion) from the base. Different acids 
and bases produce different salts with a variety of properties and uses. For 
example, iron(II!) oxide and hydrochloric acid form the salt iron(II!) chloride 
(FeCl,), which is used in water treatment. Copper sulfate (CuSO,) is used by 
farmers and gardeners as a fungicide and herbicide. Skilled chemists can 
prepare, purify and obtain samples of many different salts, 


‘AHeating the acid makes the reaction Copper oxide reacts with warm sulfuric acid to produce a blue solution of 
between sulfuric acid and copper oxide —_the salt copper sulfate. You are going to use these reactants to prepare 
faster. pure, dry hydrated copper sulfate crystals. 


Cu0(s) + H,S0,(aq) > CuSO,(aq) + H,0()) 


copper oxide + sulfuric acid + copper sulfate + water 


funnel Copper oxide (the base) is insoluble in water. So when all the sulfuric acid 

filter paper has been used up, the excess copper oxide remains, Excess copper oxide is 
added to make sure that al the acid is used up, The remaining copper oxide 

hina is then separated from the copper sulfate solution by filtration. f the water is 


allowed to evaporate, a pure, dry sample of copper sulfate can be obtained. 


Wear eye protection. 
copparadliale ‘A Measure 20cm’ of dilute sulfuric acid using a measuring cylinder and 
‘solution pour it into a small conical flask. 
B Filtration separates the excess copper B_ Warm the acid in a water bath set at 50°C. Use a thermometer to 
oxide (the residue) from the copper measure the temperature. 
sulfate solution (the filtrate): Adda little copper oxide powder to the acid and stir. 


D_ Ifall the copper oxide reacts, and disappears, add a little more. Stop 
when the copper oxide is in excess and no longer reacts. 

E Filter the mixture and transfer the filtrate to an evaporating basin. 

F Heat the evaporating basin by placing it over a beaker of water heated 
with a Bunsen burner as shown in diagram D on the previous page. 
‘Stop heating when crystals start to form. 


G Pour the solution into a watch glass and leave for a few days to allow 
all the water to evaporate. 
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Core practical paring copper sulfate 


1 State why copper sulfate is described as a salt. (1 mark) | 
2. State why the sulfuric acid is heated in step B. (1. mark) 
3 Instep E, explain why the copper oxide gets stuck in the filter 

paper while the copper sulfate goes through it. (2 marks) 
4 Explain why a water bath is used in step B rather than heating 

with a Bunsen burner. (2 marks) 
5 Explain how you know a chemical reaction has occurred in step C. 

(2 marks) 


6 State how you know when all the acid has been used up. (I mark) _ 
7 Give a reason why it is important to make sure the copper oxide is 


in excess in step D. (1 mark) 
8 Describe one safety precaution that should be taken during this 
‘experiment and explain why it is necessary. (2 marks) | 


9 Nickel chloride (NiCI,) is a soluble salt. It can be made by reacting 
insoluble nickel oxide (NiO) with hydrochloric acid (HCI), 


@ Write a word equation for this reaction. (1 mark) 

b Write a balanced equation with state symbols, (2 marks) 

Briefly describe the three main stages involved in preparing a 
pure, solid sample of nickel chloride. @ marks) 


10 Two class groups prepared some zinc chloride. One group produced lots 
of very small crystals while the other group produced larger crystals. 
Suggest an explanation for the groups producing different-sized 
crystals. (2 marks) | 


C Large crystals of copper sulfate form if the water evaporates slowly from a 
concentrated solution of copper sulfate, 
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Specification reference: CO. 


C0.2; CO.3; 3.10; 3.11 


Progression questions 


* What are alkalis? 


+ What happens when alkalis react with acids? 


+ How do we balance chemical equations? 


A These skin burns were caused by kneeling in wet cement, which contains an alkali 


called calcium hydroxide. 


Magnesium hydroxide is sparingly 
soluble. Just enough magnesium 
hydroxide dissolves to make an 
alkaline solution. It forms a cloudy 
white suspension in water, 

which is used as a medicine to 
neutralise excess stomach acid, 


A base is any substance that 
reacts with an acid to form a salt 
and water only, Many bases are 
insoluble in water - they do not 
dissolve. A base that can dissolve 
in water, a soluble base, is called 
an alkali, Alkalis form alkaline 
solutions with pH values above 7. 


#301 Explain why all alkalis are 
bases, but not all bases 
are alkalis. 


Common alkalis 

Copper(t!) hydroxide and most other 
metal hydroxides are insoluble 
bases. 


However, these bases are soluble and therefore also alkalis: 
+ sodium hydroxide, NaOH, and other group 1 hydroxides 
* calcium hydroxide, Ca(OH), and other group 2 hydroxides. 


Notice that the chemical formulae for these alkalis look different. In general 
they are MOH for group 1 hydroxides, where M stands for the metal’s chemical 
symbol, but M(OH), for group 2 hydroxides. This is because the ions formed 
by group 2 atoms have a 2+ charge, but hydroxide ions have a 1- charge. The 
brackets show that two OH’ ions are needed to produce a neutral compound 


2 Write the formula for: 


3 a lithium hydroxide b magnesium hydroxide. 


Modelling reactions of alkalis with acids 


Like other bases, alkalis react with acids to produce salts and water only. 
For example: 


sodium hydroxide + hydrochloric acid -> sodium chloride + water 


During the neutralisation reaction, the reaction mixture becomes warmer. 
When an alkali is added to an acid, the pH increases and may go higher than 
7 if enough alkali is added, 
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Alkalis and balancing equations 


You can model the reaction using a balanced equation. In such equations, the 
numbers of atoms of each element must be the same on both sides of the arrow. 


+ Bevea) 


i 
=> Nat H, 
=a ie fal 42} 3. Potassium hydroxide, 
KOH, reacts with 
4 g u hydrochloric acid in a 
1 1 4 2 similar way to sodium 
1 ci 1 hydroxide. Write the 
There is one Na, one O, two H and one Cl atom on each side of this equation. ouaines canine id 
ion, includin 
The water is formed from OH in the alkali and H in the acid. symbols. 


You may need to write a number in front of one or more formulae to balance 
an equation. Remember that the formulae themselves cannot be changed. 
For example: 


sodium hydroxide + sulfuric acid > sodium sulfate + water 


2NadH(aq) + ~=—H,SO,(aq) + © Na,SOJaq) + 2H, 0(1) 


&23 4 Explain why the equation 


(2*1)=2 Na 2 in diagram D is balanced. 
(2*1)=2 4 ° 4 (2x1)=2 
(2*1)=2 2 H (2*2)=4 
1 s 1 


D The number 2 in front of NaOH and H,0 in the balanced equation shows that two 
units of these substances are needed, r. 


£0 5 Balance this equation 
Equations for the reactions of group 2 hydroxides with acids may look more for the reaction between 
complex. For example; barium hydroxide 
7 - an mis solution and sulfuric acid: 
calcium hydroxide + nitric acid -» calcium nitrate + water Ba(OH),(aq) + H,S0,(aq) -> 
Ca(OH).(aq) + =2HNO(aq) + —Ca(NO,),(aq) + 2H,0(1) BaSO,(s) + H,0() 
1 ca 1 
(1=2)=2 (2x3)=6 O (3*2)=6 (2*1)=2 
(1x 2)=2 (2x 1)=2 H (2%2)=4 ‘How confidently can you answer 
(2*1)=2) ON (1*2)=2 the Progression questions? 


E The number 2 outside the brackets for OH and NO, shows that there are two of 
these groups of atoms in the formulae for these substances. 


‘$1 What happens when metal 


{68 6 Balance this equation for the reaction between potassium hydroxides react with acids? 
hydroxide solution and phosphoric $2 How are chemical equations 
KOH(aq) + H,PO, (aq) > K,PO,(aq) + H,0(l) balanced? 
ER) es exaiute the use of balances 
| Magnesium hydroxide solution reacts with stomach acid, which is equations to model the 
hydrochloric acid, Magnesium chloride solution is a product, Write a reactions of metal hydroxides 
balanced equation for the reaction, including state symbols, (3 marks) with acids. 


6! 


Investigate the change in pH on adding powdered calcium hydroxide or calcium oxide to a fixed volume of dilute 
hydrochloric acid. 


A Indigestion liquids and tablets 
contain different antacids. 


BA pH meter may also be used to 
measure pH. 


‘Stomach acid contains hydrochloric acid. Acid indigestion causes a burning 
feeling in the chest and throat. Antacids are substances that neutralise 
stomach acid to relieve indigestion. Magnesium hydroxide is a white solid 
used in antacid tablets, It is sparingly soluble in water, so it is also used as a 
white suspension that some people find easier to swallow. 


Magnesium hydroxide neutralises hydrochloric acid: 


magnesium hydroxide + hydrochloric acid > magnesium chloride + water 


Mg(OH),(aq) +  2HCl(ag) «=~ MgClfaq) «+ 2H,0(0) 


Calcium and magnesium are in group 2 of the periodic table. Calcium 
hydroxide has similar chemical properties to magnesium hydroxide, but 
it is more soluble in water. You will investigate the change in pH when you 
add powdered calcium hydroxide to dilute hydrochloric acid. You will add 
small portions of powder to the acid and record the pH of the mixture 
after each addition. 


Wear eye protection. 


‘A. Use a measuring cylinder to add 50cm of dilute hydrochloric acid to 
a beaker. 


Estimate and record the pH of the contents of the beaker. 


Puta piece of universal indicator paper onto a white tile. 

Dip the end of a glass rod into the liquid, then tap it onto the 
universal indicator paper. 

Wait 30 seconds, then match the colour to the appropriate pH on a 
pH colour chart. 


Rinse the glass rod with water. 


Measure out 0.3 g of calcium hydroxide powder onto a piece of paper 
ora ‘weighing boat’. 

Add the calcium hydroxide powder to the beaker and stir. Then 
estimate and record the pH of the mixture. 

Repeat steps B and C seven times so that you add a total of 2.48 of 
calcium hydroxide powder to the acid. 

Plot a graph with pH on the vertical axis and mass of calcium 
hydroxide on the horizontal axis. 
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Core practical - Investigating neutralis 


1a Name the soluble salt formed when hydrochloric acid reacts 
with calcium hydroxide. (1. mark) 
b Write the balanced equation, including state symbols, for 
the reaction between calcium hydroxide powder and dilute 
hydrochloric acid. G marks) 
2 Diagrams Cand D show part of the labels found on two laboratory 
containers. 
Give two reasons why hazard symbols are used on chemical 
containers, (2 marks) 
b Explain why it may be more hazardous to handle calcium 
‘oxide than calcium hydroxide. @ marks) 
3 Give two reasons that explain why eye protection must be worn 
when using dilute hydrochloric acid. (2 marks) 
4 Astudent investigates the change in pH when calcium hydroxide 
powder is added to 100cm’ of dilute hydrochloric acid, 
a State two control variables in his experiment. (2 marks) 
b State the independent variable in his experiment, (1 mark) 
© Describe how the student could modify his experiment to 
investigate temperature changes instead of pH changes. (1 mark) | 
5 Astudent wants to find the mass of calcium oxide powder that 
produces a neutral solution when added to 75cm’ of dilute hydrochloric 
acid. She adds 0.5g portions of the powder to the acid, and measures 
the pH each time with a pH meter. Table E shows her results. 
‘Predict the mass of calcium oxide that produces a neutral 


solution. (1 mark) 
b State and explain how the student could improve her 
‘experiment to obtain a more accurate result. (3 marks) 


6 The pH of a solution may be determined using universal indicator 
paper or using a pH meter. 


a State why a pH meter must be calibrated using a solution with 


a known pH value. (1 mark) 
b Explain whether indicator paper or a pH meter has the higher 
resolution. (2 marks) 
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calcium oxide | calcium hydroxide 
Cao Ca(OH), 
M, = 56.0774 M, = 74.093 
c D 
0.0 03 
05 06 
1.0 28 
a) 123 
20 125 


SC8e Alkalis and neutralisation 


Specification reference; C3.11; C3.14; C3.16; C3.18 


| Progression questions _ 


+ What happens to the ions from acids and alkalis during neutralisation? 


+ What is titration? 
* How do we make a soluble salt using titration? 


A Potassium sulfate, manufactured using sulfuric acid and a soluble reactant, is a soluble salt used in fertilisers, 


The Russian government 
imposed a high tax on table 
salt, sodium chloride, in the 
17th century. This led to a’salt 
riot’ in Moscow in 1648. 


1 Explain how water is 
formed in neutralisation 
reactions. 


Explain, in terms of ions, 
how potassium hydroxide 
solution reacts with 
sulfuric acid to form water 
and potassium sulfate. 


Soluble bases or alkalis react with acids to form a salt and water only. 
The type of reaction involved is neutralisation. 
lons and neutralisation 
Hydrochloric acid and other acids are a source of hydrogen ions, H"(aq), 
in solution: 
HCl(aq) > H'(aq) + Cl'(aq) 
Sodium hydroxide and other alkalis are a source of hydroxide ions, OH"(aq), 
in solution: 


NaOH(aq) -> Na(aq) + OH (aq) 


In a neutralisation reaction, hydrogen ions from the acid react with 
hydroxide ions from the alkali. Water, a simple molecular substance 
containing covalent bonds, is formed in the reaction: 


H’(aq) + OH (aq) > H,0() 


The other ions from the acid and alkali stay in the solution as ions of the 
dissolved salt. For example, Na’(aq) ions from sodium hydroxide and Cl(aq) 
ions from hydrochloric acid remain after neutralisation. These ions combine 
to form solid sodium chloride, NaCl(s), when the water evaporates. 
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nd neutralisation 


Soluble salts from alkalis 
You can obtain a dry soluble salt from 
its solution by crystallisation. It is 
important to have a neutral solution 
before evaporating the water, 
otherwise you will contaminate the 
salt with an excess of one reactant 


> 


Other than the hazards 
caused by hot liquids and 
solids, suggest a hazard 
caused by crystallising a salt 
froma solution that contains 
excess acid or alkali. 


To obtain a neutral solution you 
need to mix an acid and an alkali in 

the correct proportions so that you 

end up with a solution that contains 
only water and the desired salt. You 
can do this using titration. 


Titration 


Ina titration, acid is added from a burette toa fixed volume of alkali in a conical 
flask. The burette isa tall piece of glassware with 0.1 cm’ graduations. You control 
the flow using a tap at the bottom. Itis possible to add just one drop ata time. 


B producing a dry salt by crystallisation 
using a hot water bath 


You could use a measuring cylinder to measure out the alkali, but a pipette 
provides more accurate and repeatable measurements. A few drops 

of indicator are added to the alkali so you can follow the reaction. The 
end-point is when the indicator changes colour. Single indicators such as 
methyl orange or phenolphthalein are used because their obvious colour 
changes give you a sharp end-point. 


To make a pure, dry salt: 


carry out a titration 
note the exact volume of acid needed to neutralise the alkali 


use the burette to add the correct volume of acid without the indicator 
evaporate the water from the solution formed 


"4 Inatitration, name the most suitable apparatus to add alkali to 
the flask, and to add acid to the alkali 


a Give a reason why universal indicator is not a good choice of indicator to 
use in a titration (1 mark) 


b Suggest a suitable indicator to use instead. (1 mark) 
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pipette filler 


C This apparatus is used to carry out a 
titration, A white tile underneath the 
conical flask makes the end-point easier 
tosee 


How confidently can you answer 
the Progression questions? 


$1 Describe how titration is used 
to prepare soluble salts. 


E1 Evaluate the preparation of 
sodium and potassium salts 
using titration rather than by 
the reactions of the metals 
with acids. 


‘+ What happens when an acid reacts with a metal? 
+ What happens when an acid reacts with a metal carbonate? 
+ What are the tests for hydrogen and carbon dioxide? 


Acids and metals 

Some metals, such as copper and silver, do not react with dilute acids. Metals 
such as potassium and sodium react explosively with dilute acids. Metals 

in the middle of the reactivity series, such as magnesium and zinc, react 
steadily with dilute acids. Effervescence is seen as hydrogen gas bubbles 
are produced. The reaction also produces a salt, giving the general reaction: 


metal + acid > salt + hydrogen 


Magnesium reacts with sulfuric acid to form magnesium sulfate, and with 
hydrochloric acid to form magnesium chloride. The first name of the salt 
comes from the metal and the second name comes from the acid. 


‘A Hydrogen gas is less dense than air 
and so was used to fill early air ships. 
Unfortunately it is also very flammable. 


Mg(s) + H,SO,(aq) > MgSO,(aq) + H,(g) 
Mg(s) + 2HCl(aq) + MgCl(aq) + H,(g) 


§E3 1 Explain why gold sulfate is not formed when gold is added to 
dilute sulfuric acid. 


\ All acids form hydrogen ions, H’, in aqueous solution, The metal atoms 
| react with the hydrogen ions to form metal ions and hydrogen molecules. 
) This can be summarised in an ionic equation, in which we only show the 


’ 


XY \ ions that change in the reaction. For example: 


' y 2+ 
B Hydrogen gas is colourless and | Mg(s) + 2H'(aq) > Mg*(aq) + H,(8) 


‘odourless. When hydrogen is mixed | The other ions from the acid (e.g. sulfate, chloride) do not change during 


with air, itis highly flammable, To test the reaction. They are known as spectator ions, 
for hydrogen, place a lighted splint in 1 


a hydrogen and air mixture. A squeaky ' The hydrogen ions gain electrons to form hydrogen molecules. We can 
pop is heard. , show what happens to electrons in a half equation: 
2° Zinc reacts with dilute 2H'(aq) + 2e > H,(g) 


€ represents an electron 
It is not necessary to include 
the negative charge. 


hydrochloric acid. Write: ‘ 


| The magnesium atoms lose electrons: 


| Mg(s) > Mg®(aq) + 2e 


a the word equation 


b the balanced equation 


5} IHL c the half equation to | Aloss of electrons is an oxidation reaction. A gain of electrons isa 
: feduction reaction. You can remember this using the mnemonic OILRIG. 


show what happensto | , saint 
the zinc atoms. He ee ee ere eee cipenaoris saecpmiamupanernees H 


Sow 
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' 
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Reactions of acids with metals and carbonates 


Acids and carbonates 

Acids react with metal carbonates to form a salt, water and carbon dioxide. 
Bubbles of carbon dioxide are produced and the solid metal carbonate 
disappears if there is enough acid to react with it. 


Carbon dioxide is denser than air 


and does not support burning. 
This makes it useful in fire 
‘metal carbonate + acid salt + water + carbon dioxide extinguishers. 


Copper carbonate reacts with sulfuric acid to form copper sulfate, with 
hydrochloric acid to form copper chloride, and with nitric acid to form 
copper nitrate. 


CuCO,(s) + H,SO,(aq) » CuSO(aq) + H,0() + CO,(g) GB} 2 Give the formula of 
the salt formed when 
CuCO,(s) + 2HCl(aq) > CuCL(aq) + H,0()) + CO,(e) solid calcium carbonate, 
CuCO,(s) + 2HNO,(aq) > Cu(NO,),(aq) + H,0() + CO,(g) CaCO, reacts with dilute 
hydrochloric acid. 
During these reactions, the hydrogen ions from the acids react with the 
carbonate ions to form water and carbon dioxide molecules. &2} 4 Explain the difference 
between the state 


symbols (aq) and (). 


°} 5 Write the balanced 
equation for the reaction 
between zinc carbonate, 
ZnC0,, and nitric acid, HNO,. 


How confidently can you answer 
the Progression questions? 


C Carbon dioxide is another colourless and odourless gas, To test for 
carbon dioxide, bubble the gas through limewater (calcium hydroxide 


solution). The limewater turns milky if carbon dioxide is present. S1 Describe a reaction to make: 
ei enunar aN ein wee 7 a hydrogen 
' b carbon dioxide. 

1 The sulfate, chloride and nitrate ions are spectator ions. The ionic equation is: | Include an equation for each 
' ' reaction and a description of 
2H’(aq) + CO,7(s) > H,0(1) + CO,(g) 4 how to test for each gas. 
: | &} © Write the ionic equation for the reaction between magnesium | 

carbonate and hydrochloric acid. | Et [Dilute hydrochloric acid is 


added to zinc powder. Write 
word, balanced and ionic 

| equations for the reaction that 
| Describe a test to show that a gas is hydrogen. (2 marks) ‘occurs, Include state symbols. 
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Progression questions 


+ What are the rules for solubility of common substances in water? 


+ How do you prepare a sample of a pure, dry insoluble salt? 


+ How do you predict whether a precipitate will be formed in a reaction? 


A Ared precipitate of silver chromate 
forms when sodium chromate solution 
is added to silver nitrate solution, 


1 Which of the following 
substances are soluble 
in water and which 
are insoluble? Sodium 
chloride, lead nitrate, 
calcium sulfate, potassium 
hydroxide, silver chloride, 
calcium carbonate, 
ammonium carbonate. 


Write a solubility rule for 
lead compounds. 


The reaction between sodium 


chromate and silver nitrate is 
used to stain nerve cells for 
viewing under a microscope. 


A precipitation reaction is one in which soluble substances in solutions cause 
an insoluble precipitate to form. Photo A shows an example. Table B shows 
some general rules that can be used to predict whether precipitates will form. 


all common sodium, potassium and ammonium 


salts 
all nitrates 
| most chlorides silver, lead chlorides 
most sulfates lead, barium, calcium 
sulfates 
sodium, potassium and ammonium carbonates most carbonates 
sodium, potassium and ammonium hydroxides most hydroxides 


B some solubility rules 


Solutions of lead nitrate and sodium chloride react to form soluble sodium 
nitrate and a white precipitate of lead chloride. The state symbols in the 
balanced equation show which substances are soluble and which are insoluble. 


lead nitrate + sodium chloride — lead chloride + sodium nitrate 
Pb(NO,),(aq)+ © 2NaCl(aq) > PbCI(s) + 2NaNO,(aq) 


The test for carbon dioxide using limewater (see CC8f) is also a precipitation 
reaction, in which insoluble calcium carbonate is formed: 


calcium hydroxide (limewater) + carbon dioxide — calcium carbonate + water 


Ca(OH), (aq) + fg) 7 CaCO, (s) +H,0()). 


' lonic equations are also used to show the formation of precipitates. 
| The formulae of the ions that react together to form the precipitate are 
' shown on the left, and the formula of the precipitate is shown on the 


| fight. The ionic equation for the formation of lead chloride is: 


| Pbi(aq) + 2Ct(aq) > PbCI,(s) 


| The sodium and nitrate ions do not change, so they are spectator ions. 


Solubility 


All salts are ionic. When two solutions containing soluble salts react 
together, the ions from the salts swap. For example: 


ns en 
copper sulfate + potassium carbonate -> copper carbonate + potassium sulfate 
anaes 


We can predict whether a precipitate will form by checking the solubilities of 
the products. If both products are soluble, no precipitate will form. 


In the word equation above, potassium sulfate does not form a precipitate 
because all potassium salts are soluble. However, copper carbonate is not in 
the list of soluble carbonates, so it should form as a precipitate: 


CuSO,(aq) + K,CO,(aq) > CuCO,s) + K,SO,(aq) 


| The ionic equation is: Cu**(aq) + CO,*(aq)  CuCO,(s) 1 


silver nitrate 
Ss solution 
‘ (s0.18M) 


Preparation of insoluble salts 


A pure, dry sample of an insoluble salt can be 
prepared from two soluble salts in this way: 


+ Wear eye protection. 


‘sodi chloride: 
+ Mix the two solutions in a beaker, then filter solution 
the mixture. 
+ Rinse the beaker with a little distilled water eleletia 
and pour this through the funnel. 
* Pour alittle distilled water over the 
precipitate in the funnel. ther funnel 
* Carefully remove the filter paper containing sci idl 
the precipitate and dry it in a warm oven. solution 
distilled water 
5 Explain: being added 


a why the beaker is rinsed with a little 
distilled water and the washings 
are poured through the funnel 


<5} _b whydistilled water is poured over 
the precipitate in the funnel. 


3 6 Suggest two other ways of drying € preparing an insoluble salt 


the precipitate. 


Zinc carbonate is an insoluble salt. Describe how you would use solutions 
of potassium carbonate and zinc chloride to produce a pure, dry sample 
| of zinc carbonate. (4 marks) 
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3 Magnesium sulfate 
solution reacts with 
barium chloride solution. 


£63 a Predict the name of the 


precipitate, if any. 


43 —_b Write the balanced 


equation. Include state 
symbols. 


3 Ii c Write the ionic equation 


for this reaction. Include 
state symbols. 


4 Sodium chloride solution 
is added to copper nitrate 
solution, 


a Predict the name of the 
precipitate, if any. 


b Justify your answer. 


How confidently can you answer 
the Progression questions? 


$1 Describe how to prepare 
a pure, dry sample of lead 
sulfate from two named 
solutions. Write a balanced 
‘equation for the reaction. 
Include state symbols. 


E1 [il The following aqueous 
solutions are available: 
sodium carbonate, copper 
sulfate, barium chloride. Any 
two of the solutions can be 
mixed together at a time. 
Predict which combinations of 
these solutions will produce 
a precipitate and name the 
precipitate. Write an ionic 
equation, including state 
symbols, for each reaction. 


Magnesia sulfate 


Soluble salts can be made by reacting an acid with an insoluble metal compound. 


Plan an experiment to prepare pure, dry crystals of magnesium sulfate, MgSO,, from a magnesium compound and 
a suitable acid. Start by choosing suitable reactants to use; you may wish to write a balanced equation to help you 


with your plan, (G6 marks) 
Mg + HS0, > MgSO, + 2H (1) {1] The balanced equation is incorrect, Hydrogen gas exists 


. 5 . as H, molecules not separate hydrogen atoms. 
Iwill make magnesium sulfate from magnesium 
ribbon and sulfuric acid (2). [2] Sulfuric acid is correct, but the question asks for 


a magnesium compound (such as magnesium oxide) 
Place 25 cm? of the acid in a beaker. Add magnesiwom — Mapnesiyim is an element 


ribbon a piece at a time wndil the bubbles of 

Irydragen stop. Filter the mixture and collect the 

slution in an evaporating basin [3]. Heat the basin [3] The answer could also have explained that you need to 
until all the water has evaporated, leaving pure, dry _ filter the mixture to remove any excess magnesium. 
crystals of magnesium sulfate (4). {4] The last step is incorrect. If you evaporate all of the 


water, you will be left with a dry powder. 
This is an acceptable answer. It contains some correct chemistry, ‘Bamtp 
and the steps of the practical are written in a clear and logical 
order. Make sure you revise the Core 
Practicals. The method asked 
The answer could be improved by using a magnesium compound for here is very similar to the 
as mentioned in the question. The answer would also be better preparation of copper sulfate 
if it had a correct balanced equation, and described a suitable which is a Core Practical, 
method for allowing crystals to form from the solution, 
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most 


hemical reaction: tant to mix the reactant: 


ct amounts to form th ximum amount of product and to ai 


waste. Iron is produced from iron ore in a blast furnace. Every t 


needs to be mixed with 850 kg of limestone and 50 kg of coal 


This should produce 350 kg of d 910 kg of a substance called ‘slag 


t can be used in concret 


for insulation. In this unit yor 


how to calculat 


The learning journey 


Previously you will have learnt 


+ how to represent elements and compounds using symbol 


* how mass is conserved during changes of state and chemical reactions 


+ how to show chemical reactions using equations. 


In thi: 


it you will learn: 


+ how to use relative atomic mass 
nents and comps 


cular formulae of comps 


w to work out empirical an 


* how to calculate the mass 


s or products in a reaction 


how to calculate the concentration of a solution 


and the quantity 1 mol of a substance 


[about the Avogadro consta 


* [Hlhow to calculate the numbers ina substan 


‘+ How do you calculate the relative formula mass of a compound? 


+ What is the difference between an empirical formula and a molecular formula? 
+ How do you determine the empirical formula of a compound? 


aeperaeran silicon atoms 


ASilicon dioxide is a giant, covalent 
lattice structure (of billions of atoms). 
Its empirical formula is SiO, (the ratio of 
silicon atoms to oxygen atom is 1:2). 


H) H) 


HY H) 


B Ethene has the molecular formula 
GH,-CH, is its empirical formula, 


The Galaxy Opal is the largest 
polished opal in the world. Opals 
consist mainly of silicon dioxide. 


All substances have an empirical formula. This is the simplest whole 
number ratio of atoms or ions of each element in a substance. 


Substances that are made of simple molecules also have a molecular 
formula. This represents the actual number of atoms of each element in 
‘one molecule. 


Ethene has the molecular formula GH, but the empirical formula CH,, 
Sometimes the empirical formula is the same as the molecular formula. 
For example, the formula for a molecule of water is H,O and this cannot be 
simplified any further, 


The ‘formula’ of a compound is its molecular formula if itis a simple 
molecule, or the empirical formula if it has a giant lattice structure. 


1 Deduce the empirical formula of: 
oa GH, BN 

Relative formula mass 
The relative formula mass (M), of a substance is the sum of the relative 


atomic masses (A) of all the atoms or ions in its formula. Relative atomic 
masses are given in the periodic table. 


Calculate the M, of carbon dioxide Calcium nitrate has a giant lattice 


©GH, d CH,  e GH,O, 


(€O) structure. Its formula is Ca(NO.), 
(for each calcium ion there are two 
240) + @xA/0) nitrate ions). Calculate the M, of 
LAE An) calcium nitrate. 
So, M, of CO, = 44 


=A(Ca) + 2A(N) +3 *A(0)) 
=40 + 2(14+(3 * 16)) 


So, M, of Ca(NO,), = 164 


2 Calculate the relative formula masses of: 


an, bNaCcl ¢NH, 4d H,S0, _ e (NH),SO.. 
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Finding an empirical formula 

The empirical formula of a compound can be calculated from the masses 
of the elements used to make it. Table D shows how this is done if 10.0g of 
calcium reacts with 17.8g of chlorine. 


Mass (g) 10.0 178 
Relative atomic mass, A, 40 355 
Divide the mass of each element by its 10.0 _ gas | 178 - o5 
relative atomic mass 40 355 
Divide the answers by the smallest 025, |05 _2 
number to find the simplest ratio 025 025 
Empirical formula cacl, 


D To calculate an empirical formula, each element needs its own column of working. 


A molecular formula is determined from its empirical formula and its M,. 


The empirical formula for glucose is CHO and its relative formula mass is 
180. Determine the molecular formula for glucose. 


A( + (2 A(H)) +40) 
= 12+(21)+16=30 

* Divide M, by empirical formula mass ue =6 
The molecular formula is six times the empirical formula, so the molecular 
formula is C,H,,0,. 


+ Find empirical formula mass 


Magnesium oxide can be made by heating magnesium ribbon in a limited 
oxygen supply, using the apparatus in diagram E. If the reactant and product 
are ‘weighed’, the empirical formula for magnesium oxide can be calculated. 


GE} 5 Magnesium ribbon with a 
mass of 0.576 g was heated 
in a crucible. It produced 
0.960g of magnesium 
oxide. Calculate the 
empirical formula of 
magnesium oxide. 


5,6g of iron react with 24.0 of bromine to form iron bromide, Calculate 
the empirical formula of the iron bromide. (Relative atomic masses are 
given in the periodic table at the back of the book.) (3 marks) 
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3. Calculate the empirical 
formula of each of the 
following substances. 


a lithium oxide 
(1.4g Li, 1.6g 0) 

b magnesium carbonate 
(1.2.g Mg, 0.68 C, 2.4g 0) 


fo € butane (1.44g¢,03gH) 


4 Determine the molecular 
formula of each of the 
following substances. 


a hydrogen peroxide, with 
empirical formula HO 
and M, 34 


b hexene, with empirical 
formula CH, and M, 84 


© pentane, with empirical 
formula CH,, and M, 72 


How confidently can you answer 
the Progression questions? 


S1 You are given some copper 
powder and a crucible. Describe 
an experiment to determine 
the empirical formula of 
copper oxide and explain how 
you would use the results to 
calculate the formula. 


£1 A simple molecular compound 
contains 2.00g of carbon, 
033g of hydrogen and 2.67g 
of oxygen and has a relative 
formula mass of 60. Calculate 
the empirical and molecular 
formulae of this compound. 


* How do you calculate the concentration of a solution? 


+ How does the law of conservation of mass explain why magnesium increases in mass when it is burned? 
+ How do you calculate the masses of reactants and products in a reaction? 


‘Img Is 0.001g and 11 (1 litre) is the Concentrations of solutions 


same volume as 1m? 


conservation of mass. 


When a solute is dissolved in a solvent to make a solution, the mass of 
the solution is equal to the mass of the solvent and the mass of the solute. 
The overall mass of the substances does not change. This is the law of 


The amount of solute dissolved in a stated volume of a solution is its 
concentration. The units of concentration are usually ‘grams per cubic 
decimetre’, written as gdm. 1 dm? is the same volume as 1 litre or 1000cm. 


You can calculate the concentration of a solution in g dm” using this equation: 


concentration = — Mass of solute in 
volume of solution in dm 


If the volume of the solution is given in cm’, convert it to dm’ by dividing by 1000. 


29.1 mg/l or 0.0291g dev*. 1 Calculate the concentration, in g dm®, of the solute in these solutions. 


‘A Mineral water contains dissolved ions. 


lead nitrate. = yellow precipitate 

solution a) of lead iodide in 
colourless 
solution of 
potassium nitrate 


m= emply flask 


B The total mass of the reactants always equals the total mass of products. 


Lead iodide was used as a yellow pigment in some 19th-century 
paintings, but itis not very stable so some of these paintings 
are changing colour, 


CuCO,(s) + CuO(s) + CO,(g) 
C balanced equation for heating copper carbonate in air 
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@ 20g of sodium chloride in 2dm’ of solution 


b 0.574g of sodium hydroxide in 250m’ of solution 


Conservation of mass in reactions 
Lead nitrate solution reacts with potassium iodide 
solution to form a yellow precipitate of lead 
iodide and a colourless solution of potassium 
nitrate. This is an example of a closed system as 
no new substances are added or removed. 


Pb(NO,),(aq) + 2KI(aq) > Pbi,(s) + 2KNO, (aq) 


The balanced equation shows that the number 
of atoms does not change, and so the mass 
cannot change. This is another example of the 
law of conservation of mass. 


In the reaction shown in balanced equation C, 
the mass of the copper oxide left is less than the 
mass of copper carbonate at the start. Carbon 
dioxide gas escapes and so the mass appears to 
decrease. This is a non-enclosed system as the 
gas can escape. 


vation of mass 


‘Some solids appear to gain in mass when they are heated in a non-enclosed 
system. In the reaction shown in balanced equation D, the apparent gain is 
due to copper reacting with oxygen from the air. However, in all systems, the 
mass of the products is always the same as the mass of the reactants, 


Calculating the masses of reactants or products 
You can use relative masses and the balanced equation for a reaction to 
calculate the mass of a reactant or a product. 


Calculate the mass of chlorine needed to make 53.4g of aluminium chloride. 


Write the balanced equation 2Al + 3Cl, > 2alcl, 
UM,C.=2%355=71 

| M,AICl, =27 + @ x 35.5) = 133.5 
Calculate ratio of masses (multiply M, values by the balancing numbers 
shown in the equation). 


Calculate relative formula masses 
of the substances needed 


3Cl, makes 2AlCl, 
so3x71=213gCl, makes 2x 133.5 = 267g AICly 


fork out the mass for 1g of reactant or product. (Here we want 1g of 
the product because that's the mass we know already) 


213 267, 
+267 Sere ce TS aes +267 
0.798g Cl, makes a ee en 
Scale up or down “PP 42.6g Cl, makes 53.4g AIC . 
(from 1g to the 
mass you are given) 
£23 4 Calculate the mass of hydrogen produced when 72g of magnesium 


reacts with sulfuric acid. 


Mg +H,SO, > MgSO, +H, 


GE} 5 Calculate the mass of water produced when 500g of methane burns. 
CH, +20, - CO, + 2H,0 
gE} 6 Calculate the mass of sodium hydroxide needed to produce 42.6kg 


of sodium sulfate. 


2NaOH + H,SO, ~ Na,SO, + 2H,0 


Calculate the maximum mass of magnesium oxide that could be formed 
by reacting 1.56g of magnesium with excess oxygen. GB marks) 


| 2Mg+0, > 2Mgo 
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2Cu(s) + O,(g) + 2CuO(s) 
D balanced equation for heating copper 
inair 


2 12.4g of copper carbonate 
was heated and formed 
8.0g of copper oxide. 
Calculate the mass of 
carbon dioxide produced. 


1.27 g of copper was 
heated in air and formed 
1.59 of copper oxide. 
Calculate the mass of 
oxygen that reacted with 
the copper. 


How confidently can you answer 
the Progression questions? 


‘$1 Make notes so that you 
can explain toa friend who 
missed the lesson: 
a howto calculate the 
mass of sodium chloride 
formed when 53g. 
of sodium carbonate 
reacts with excess dilute 
hydrochloric acid 
Na,CO, + 2HCl > 2NaCl + 
H,0+ CO, 
b why there is a loss in mass 
during the reaction. 


E1 Calculate the loss in mass 
when 2.96g of magnesium 
nitrate decomposes. 
2Mg(NO,),(s) -» 2MgO(s) + 

4NO,(g) + 0,(8) 


+ [How do you calculate the number of moles and number of particles of a substance? 
+ [What controls the mass of product formed in a reaction? 
+ [HBHow do you work out a balanced equation from the masses of reactants and/or products? 


oH In everyday life we use special words to mean the amount of 


an item. A pair is two of that item and a dozen is 12 of them. In 
chemistry, a mole is 602 204 500 000 000 000 000 000 particles! 
This number is usually written in standard form as 6.02 x 108 and 
is known as the Avogadro constant. 


The SI unit symbol for ‘mole’ is mol. 1 mol of a substance contains 
the Avogadro constant number of particles, These can be atoms, 
molecules or ions and so you need to specify the type of particles. 


Clockwise from top left:one mole (1 mol) each The mass of one mole of a substance is the relative atomic mass 


of iron(tti) chloride, copper sulfate, potassium (A) or relative formula mass (M,) in grams. The relative atomic mass 
iodide, cobalt nitrate, potassium manganate(Vil) of magnesium is 24, so 1 mol of magnesium has a mass of 24g and 
and sodium chloride, contains 6.02 x 10” atoms, 


You can calculate the number of moles of any substance using this equation: 


number of moles of substance = ass of substance (g) 
A,orM, 


1 Give the mass of the Avogadro constant number of: 


3a carbonatoms —_b sodium atoms, 


2 Calculate the mass of: 
B To rearrange the equation with this - 
triangle, cover up the quantity you want 3 a 2mol of nitrogen molecules, N, 


to calculate and what you can see gives — 
pouthe coledoronitcuse 3 > 0.1 mol of sulfur dioxide molecules, SO,. 


3° Calculate the number of Reactions 


moles of: A balanced equation shows the ratios of the substances in moles. 
3 CO, moleculesin88gof ——-2Mg + 0, > 2MgO 
carbon dioxide 


This equation shows that 2mol of magnesium reacts with 1 mol of oxygen 
£3 CH, moleculesin3.2g —_to form 2mol of magnesium oxide. In an experiment, we usually burn 
of methane. magnesium in excess oxygen to make sure that all the magnesium reacts. 


In a chemical reaction, one of the reactants is often added in excess and is 
not completely used up in the reaction, The amount of product formed is 
determined by the amount of reactant that is not in excess (and so is used 
up completely in the reaction). This is called the limiting reactant. 


1.50g of ammonium chloride and 4.00g of calcium hydroxide are heated 
together to form ammonia. 


2NH,CI + Ca(OH), > 2NH, + CaCl, + 2H,O 
a Whichis the limiting reactant? 
b Calculate the mass of ammonia formed. 
a The equation shows that 2mol of NH,CI reacts with 1 mol of Ca(OH), 

number of moles of Ca(OH), = 4.00g/(40 + 2(16 + 1)) = 0.0541 mol 

We need: 2 x 0.0541 = 0.108 mol NH,(I to react with 0.0541 mol of Ca(OH), 
We have: 1.50g/(14 + (4 x 1) + 35.5) = 0.0280 mol 
We have less than the 0.0541 mol of NH,Cl needed; 


HCL = limiting reactant. 


b_ The equation shows that the number of moles of NH, made equals 
the number of moles of NH,Cl used. 


So, 0.0280 mol of NH,Cl forms 0.0280 mol of NH, 
mass of NH, formed = mol « M, = 0.0280 x (14 + (3  1)) = Q.476g 
If you know the mass of each substance in a reaction, you can calculate the 


number of moles of each and deduce the balanced equation. The ratio of the 
moles of each substance is the stoichiometry of the reaction. 


108g of aluminium reacted with 42.6g of chlorine, Cl,, to produce 
aluminium chloride, AICL,, Deduce the balanced equation for the reaction. 


Calculate the number of moles | 108-94, 

(= mass/A,or M) | 27 

Divide by the smaller 704) 

ae Sas = BT 04 et 
Simplest whole number ratio 1x2=2 


So 2mol of Al react with 3 mol of Cl, The equation is completed by adding 
the formula of the product and balancing in the normal way. 


2Al+ 31, 2AlCl, 


| Calculate the number of molecules in 90 g of water, H,O. 


(2 marks) 


4 Calculate the number of 


molecules in: 
“a a 16g of oxygen 
molecules, 0, 


SEB b 34g of ammonia 
molecules, NH, 


SEP 5 Calculate the maximum 
mass of magnesium oxide 
that can be made from 
2.4g of magnesium and 
2.4g of oxygen. 


2Mg +0, > 2MgO 


RE} 6 15g of hydrogen gas 
reacts exactly with 70g of 
nitrogen gas to produce 
ammonia, NH,, Deduce the 
balanced equation for the 
reaction. 


How confidently can you answer 
‘the Progression questions? 


$1 5.00g of iron and 5.00g of 
sulfur are heated together to 
form iron(Il) sulfide. 

Fe+S—FeS 

a Calculate the number of moles 
of each reactant and state which 
‘one is the limiting reactant. 

b Calculate the mass of iron(II) 
sulfide formed, Give your 
answer to 3 significant figures. 


E1 Explain which of these 
contains the greatest number 
of particles. 
4g of hydrogen molecules, 
16g of oxygen molecules, 18g. 
of water molecules, 22g of 
carbon dioxide molecules. 


Empirical formula 


—— 


A student carried out an experiment to determine the empirical 
formula of magnesium oxide using the apparatus shown, 
Describe how you would use this apparatus and the results to 
show that the empirical formula of magnesium oxide is MgO. 


(6 marks) = 


Weigh an empty crucible, then add a piece of 
magnesium ribbon and weigh it again. Set up the 
apparatus as shown. Heat the crucible with a strong 
flame and lift the lid occasionally [1]. Stop heating 
when all the magnesium has reacted. Let the crucible 
caal and reweigh it (2). 


Find the mass of magnesium used and the mass of 
axygen that combined with it (3]. Divide the masses 
of magnesium and oxygen by their relative atomic 
masses. Then, divide these answers by the smaller of 
the numbers to find the simplest ratio. If the simplest 
ratio is 1:1, the empirical formula is MgO (4). 


{1} It would be a good idea to explain why this is necessary. 


[2] Overall, this is a good account of the experiment and 
the measurements that are needed. 


{3] The correct masses are mentioned, but not how these 
masses are actually calculated. 


[4] The explanation of the calculation is sufficient and the 
relationship between the simplest ratio and the empirical 
formula is given, 


This is a strong answer. The description of the 
experiment and the method of calculation are 
correct, The answer is written in a logical order 
with the description of the experiment first, 
and then a clear and well-ordered description 
of the calculations. 
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The examiner is looking for a ‘well-developed, 
sustained line of scientific reasoning which is clear 
and logically structured’: When describing a process, 
make sure that you write down the steps in a logical 
order ~ in this case, the order that the experiment 
and the calculations would be carried out. 


Previously you will have learnt at KS3: 
+ about oxidation and displacement reactions 

* about the reactivity series. 

You will also have learnt in SC4 The Periodic Table, 
SCS lonic Bonding and SC8 Acids and Alkalis: 


* about anions and cations in jonic compounds 
+ to write balanced equations with state symbols 
+ how elements are arranged in the periodic table. 
In this unit you will learn: 
+ more about reactivity, oxidation and reduction 
about how metals can be extracted 
about the advantages of recycling metals 
about the life cycle assessment of products 


to explain what happens during electrolysis 
and electroplating 


about equilibria in chemical reactions 
about the Haber process 
[Wi how to write half equations 


Many metals are used for buildings, including copper, about the properties of transition metals 


aluminium and iron, together alloys of those properties and uses of metals and their 
metals and others. In this unit you will learn more alloys. 


about metals. 


‘+ What is an electrolyte? 


‘+ What happens to the ions during electrolysis? 
+ [How do you explain and represent the reactions taking place at the electrodes in electrolysis? 


wat Nec Need Ne 
Pa Nad acd 
wd Nad Ned Ne 


A (a) The ions cannot move in the lattice 
structure of solid sodium chloride. 


1. Give the meaning of the 


following terms. 
a electrolysis 
b electrode 
microscope slide strip of damp 
\ filter paper 
crocodile \_ crocodile 
lip lip 
\ 
@ e@ 


/ \ 
colour slowly moves original potassium 
towards the positive manganate(VIl) 
crocodile clip crystal 

B Manganate(Vil) ions are purple. 
Potassium ions are colourless, 


In 1800, Alessandro Volta invented 
the electric battery. English 
scientists William Nicholson and 
Anthony Carlisle soon discovered 
that electricity broke down acidified 
water into hydrogen and oxygen. 
This process is called electrolysis 
and today we use it to break down 
many substances. 


When an ionic solid is melted or 
dissolved in water, its ionic bonds 
break. This allows the ions to move. 
An ionic substance with freely 
moving ions is called an electrolyte 
and can conduct electricity. 


(b) The ions can move when sodium 
chloride is dissolved in water. 


Electrolysis uses energy transferred by electricity to decompose 
electrolytes, Two electrodes are connected to a direct current (d.c) 
electricity supply and placed into the electrolyte. The two types of ions 
carry opposite charges and so migrate (move) towards the electrode with 
the opposite charge. 


+ Cations are positive ions and are attracted to the negative cathode. 
+ Anions are negative ions and are attracted to the positive anode. 


This can be shown by placing a purple potassium manganate(VIl) crystal 
ona piece of damp filter paper attached to a microscope slide and 
connected to a d.c. electricity supply. The purple colour spreads towards 
the anode. 


Ge 
3 


4 Look at these the formulae: Na‘, Cl, H,O, OH’, CO,, SO,*, Mg® 


Give a reason why ionic solids cannot be electrolysed. 


State the type of charge on a manganate(Vil) ion, giving a reason 
for your answer. 


a Identify the anions. 


b List the ions that will be attracted to the cathode during 
electrolysis, 
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Electrolysi: 


Reactions at the electrodes 
| At the anode, negative ions lose electrons (oxidation). 
| At the cathode, electrons are transferred from the 
| electrode to the positive ions (reduction). 


Metallic objects can be gold-plated using electrolysis. 
The anode is a strip of gold, the cathode is the object 
to be plated and the electrolyte contains gold ions. 


| Oxidation Is the Loss of electrons. 
' 


' Reduction Is the Gain of electrons. 


1 

' 

1 

1 

j 
You can remember these by: OIL RIG, ' 

' 

' 

1 

f 


This transfer of electrons changes charged ions into 
atoms or molecules, resulting in chemical changes 
at the electrodes. For example, in the electrolysis 
of molten zinc chloride, Zn** ions are attracted to 


the cathode, where they gain electrons and become 
zinc atoms, At the same time Cl: ions migrate to 


Ca gold-plated car 


the anode, where they lose electrons and become 
chlorine molecules, ‘ 


These changes are represented by half equations, which show the change 
at each electrode. 


Cathode reaction: Zn®* + 2e ~ Zn reduction] ReduCtion takes 
place at the Cathode. 


Anode reaction: 2Cl’ + Cl, + 2e oxidation, 


\ 
\ 
' 
' 
\ 
' 
i OxidAtion takes 
\ 
\ 
1 
1 
' 
' 


How confidently can you answer 
the Progression questions? 


Note that two Cl: ions are needed plepiuar the Anode: 
to form one chlorine molecule. 


5 The half equation for the reaction at the cathode during the 


electrolysis of molten lead bromide is: 1 Give the meaning of each of 


1 
' 
' 
1 
1 
' 
' 
' 
' 
1 
' 
1 
' 
1 
' the terms: electrolyte, anode, 
1 
' 
1 
' 
' 
1 
' 
1 
1 
1 
1 
1 
1 
1 
1 


Pb* +2e— Pb cathode, anion, cation. 
©} a Explain whether this half equation shows oxidation or S2 For each of the following 
reduction, ions, state which electrode 


it will move towards, during 
electrolysis: Mg”, OH’. Give a 
reason for your answers. 


b Write the half equation for the reaction of bromide ions, Br, 
at the anode. 


££} 6 The following reaction takes place at an electrode: 

Cu Cur +2e. 
Identify the electrode at which the reaction occurs, giving a 
reason for your answer. 


E1 ff Molten potassium bromide 
is electrolysed to form 
potassium and bromine. Write 
the half equations for the 

reactions at the electrodes, 

EE isi them a oxidation or 

Solid lithium chloride cannot be electrolysed, but molten lithium chloride reduction and state at which 
can be electrolysed. Explain these observations. (2 marks) electrode they occur. 
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Ai 


Investigate the electrolysis of copper sulfate solution with inert electrodes and copper electrodes. 


| 


pure copper 
cathode (-) 


impure copper 
anode (+) 


‘copper sulfate 
‘solution (which 
contains Cu™(aq) 

impurities from ions) 

copper collect here 

‘Aln the purification of copper, the 

copper to be purified is used as the 

anode and some very pure copper is 
used as the cathode. 


4.c. power supply 


held 2cm apart 


copper sulfate 
solution 


B Purifying copper by electrolysis. The 
copper to be purified is used as the 
anode and some very pure copper is 
used as the cathode, 


The copper needed for electrical wires must be very pure and this is achieved 
using the electrolysis of copper sulfate solution, as shown in figure A. 


During electrolysis, the copper atoms in the anode lose two electrons each 
to become copper ions. These ions dissolve in the solution and migrate to 
the cathode, where they are deposited as pure copper. So, the impure copper 
anode loses mass and the pure copper cathode gains mass. Impurities from 
the anode do not form ions and collect below the anode as a ‘sludge’. The 
anode sludge is collected because it may contain valuable metallic elements. 


The half equation for the anode reaction is: 
Cu(s) + Cu?*(aq) + 2 


The half equation for the cathode reaction is: 


Cu (aq) + 2e- > Culs) 


You will set up an electrolysis cell to investigate the effect of changing the 
current on the mass of the copper electrodes used in the electrolysis of 
copper sulfate solution. You will also investigate the products formed during 
the electrolysis of copper sulfate solution using inert (graphite) electrodes. 


Wear eye protection. 


A. Select two clean pieces of copper foil. Label one ‘anode’ and the other 
‘cathode’, Measure and record the masses of the two electrodes. 

B Set up an electrolysis circuit as shown in diagram B. 

© Turn on the power and adjust the variable resistor to give a current of 
about 0.2A. Record the current and adjust the variable resistor to keep 
it constant, Leave the power on for 20 minutes. 

D_ Turn off the power and remove the electrodes from the beaker. 
Gently wash the electrodes with distilled water then dip them 
into propanone. Lift the electrodes out and gently shake off the 
propanone. Allow the remainder of the propanone to evaporate, 


E Measure and record the masses of the dry electrodes, 
F Repeat the experiment using currents of 0.3A,0.4A and 0.5A. 
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Core practical - Electrolysis of copper sulfate solution 


“Using graphite electrodes Sern 
power supply 
G Set up the circuit as shown in diagram C. 
H_ Turn on the power and observe what happens at each electrode. 


1 Explain why a different product is formed at the anode when copper 
sulfate solution is electrolysed using graphite electrodes rather than 
copper electrodes. (4 marks) 

2 Look at the method for electrolysis using copper electrodes. 

a State and explain one safety precaution (1 mark) 
b State why it is important to use clean copper electrodes. (1 mark) 
¢ Give a reason why a variable resistor is used in the electrolysis. 
circuit. (1 mark) 
Suggest a reason why the electrodes are washed at the end of 
the electrolysis. (1 mark) 
e Suggest a reason why propanone is used after washing the 
electrodes with distilled water. (1 mark) 

3 The results of an investigation of the electrolysis of copper sulfate 

solution using copper electrodes are given in table D. 
a Calculate the changes in mass of the electrodes, (2 marks) 
b Plot a suitable graph to look for a correlation between the 
change in mass of each electrode and the current. (4 marks) 
© Describe the pattern in the change in mass at each electrode. 
(2 marks) 
d_ Explain the changes in mass of each electrode. (4 marks) 
e Explain the effect of increasing the current on these changes 
in mass. (2 marks) 
f Predict the change in mass at the anode when the current is 0.354. 
(1 mark) 
& Suggest a reason why the change in mass at the cathode is 2.58 | 2.66 276 287 
not the same as the change in mass at the anode when the 
same current is used. (1: mark) 
h_ Describe how you could improve the experiment to obtain 
more accurate results at the cathode. (1 mark) 


268 | 253 | 236 


2.55 | 236 | 215 


251 | 255 | 262 | 2.70 


D results of an electrolysis investigation 
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‘+ How do you predict the products formed in the electrolysis of molten zinc chloride? 
+ How do you explain the products formed in the electrolysis of sodium chloride solution? 
+ How is copper purified using electrolysis? 


heat 


‘A Orange bromine gas is seen around 
the anode and a pool of grey liquid 
lead is seen under the cathode. This 
‘experiment must be carried out ina 
fume cupboard as bromine gas is toxic. 


3 3 Describe what happens to 
the colour of the solution 
when copper chloride is 
electrolysed. 


The electrolysis of molten or dissolved ionic salts is carried out using inert 
(unreactive) electrodes (usually graphite or platinum). When a molten salt is 
electrolysed, ions are discharged as atoms or molecules at the electrodes. 
When molten lead bromide is electrolysed, bromine is produced at the 
anode and lead is produced at the cathode. 


, Cathode reaction: Pb*(\) + 2e — Pbi(l) 


You can predict the electrolysis products of any molten salt. The salt will 
always decompose into its elements, The metal is produced at the cathode 
and the non-metal is produced at the anode. 


SE} 1. Predict the products formed at the anode and cathode during the 
electrolysis of molten sodium chloride. 


Bed 2  BExplain which of the half equations in the electrolysis of 
molten lead bromide shows oxidation and which shows reduction. 


Electrolysis of salt solutions 

Water ionises to a very small extent, so in an aqueous solution of a salt there 
are some hydrogen ions (H’) and hydroxide ions (OH), as well as the ions of 
the dissolved solid. Tables B and C show the electrolysis of two salt solutions, 
copper chloride solution and sodium chloride solution. 


tons Cu(aq) and Cl-(aq) (from salt), H'(aq) and OH (aq) (from water) 
cathode | Cu?(aq) and H'(aq) ions are attracted. | fjlJ Cu’*(aq) + 2e > Cu(s) 

Copper ions are discharged more (reduction) 

feadily than hydrogen ions, so copper 

is formed as a brown solid, 


anode | Cl'(aq) and OH (aq) ions are attracted. | [jj 2Cl (aq) > Cl(e) +2e 
Chloride ions are discharged more | (oxidation) 

readily than hydroxide ions, so 
chlorineis formed asa pale green gas. 


Overall | The copper chloride decomposes but the water does not change. 
CuCl (aq) > Culs) + Clie) 


B copper chloride solution electrolysis 
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Products frc 


lectrolysi 


lons Na'(aq) and C-(aq) (from salt), H'(aq) and OH -(aq) (from water) 
cathode | Na‘(aq) and H'(aq) ions are attracted. | fj 2H"(aq) + 2e > H,(g) 
Hydrogen ions are discharged ipeductiony 
more readily than sodium ions, so 
hydrogen gas is formed. 
anode _| Cl-(aq) and OH (aq) ions are ZCI (aq) > Cig) +2e 
attracted. Chloride ions are (oxidation) 
discharged more readily than 
hydroxide ions, so chlorine is 
formed as a pale green gas. 
Overall | The sodium chloride decomposes to form hydrogen and 
chlorine. The sodium and hydroxide fons remain in the solution. 
2NaC\(aq) + 2H,0() > H,(g) + Cl.(g) + 2NaOH(aq) 


C sodium chloride solution electrolysis 


In the electrolysis of sodium sulfate solution, sodium ions (Na’) and hydrogen 
ions (H') collect at the cathode, where hydrogen gas forms, At the anode, 
hydroxide ions (OH) are discharged more readily than sulfate ions (SO,*), 

so oxygen gas is formed (along with water). Overall, water decomposes to 
form hydrogen and oxygen. The Na* and SO,* ions stay in solution. 


Water decomposes to form hydrogen and oxygen during the electrolysis of 
water acidified with dilute sulfuric acid (which contains H'(aq) and SO,*(aq)). 


5 Use table C as a template to show the details of what happens in 
the electrolysis of: 


a sodium sulfate b acidified water. 


EB © Explain why the electrolysis of acidified water produces twice as 
much hydrogen as oxygen. 


Copper can be purified by the electrolysis of copper sulfate solution using 
copper electrodes, The copper atoms in the anode lose electrons to become 
copper ions. These dissolve in the solution and migrate to the cathode, 
where they are deposited as pure copper. Impurities from the anode do not 
form ions and collect below the anode as a ‘sludge’. 


7 Write the half equations for the reactions at the electrodes 
when copper sulfate is electrolysed using copper electrodes and 
classify them as oxidation or reduction. 


| The electrolysis of sodium chloride solution does not produce metallic 
| sodium. State how you would change the electrolyte to obtain 
| metallic sodium. (1 mark) 
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4 When sodium chloride 
solution is electrolysed, 


state why hydrogen is 
produced instead of 
sodium. 
hy 
cote colecis 
here here 
acidified 
water 
tin 
Gecosiee 
- a 
power supply 


D Water is electrolysed in a Hofmann 
voltameter to collect the gases produced. 


How confidently can you answer 
the Progression questions? 


$1 Explain the formation of the 
products during the electrolysis 
of molten zinc chloride. 

$2 Predict the product formed 
at each electrode during 
the electrolysis of molten 
magnesium bromide. Justify 
your answers. 


E1 Explain why the electrolysis 
of sodium chloride solution 
produces hydrogen and 
chlorine at the electrodes. 


ion: 


‘+ What are the similarities and differences in the way different metals react with water, acids and salt solutions? 
+ What happens to metal atoms when they react with water and acids? 
+ [How do you explain displacement reactions as redox reactions? 


The reactivity series is a list of metals in order of reactivity, with the most 
reactive at the top. 


potassium | react with cold water | react 
[sodium | = to form hydrogen and | violently 


ametal hydroxide = |_____ 
calcium react to form 

| magnesium | react very slowly, if | Mdrozen 

| ctuminium | atall, with cold water | andasalt 

but react with steam | Solution 

to form hydrogen and 


A Caesium is more reactive than — 
potassium, and so is placed above aluminium 


potassium in the reactivity series ene 


ity of metal atoms. : 


iron a metal oxide 
Caesium forms cations so easily copper do not react with cold | do not react 
that scientists think it could silver water or steam 


be used as a propellant in ‘ion 
engines’ for spacecraft. (Ete | 
B the reactivity series for some metals 


1 Name a metal that does 
not react with cold water 
or dilute acid. 


The metals that react with cold water form hydrogen and a metal hydroxide 
solution. For example: 


2K(s) + 2H,O(l) -» 2KOH(aq) + H,(g) 
The metals that react with steam form hydrogen and a solid metal oxide. 


2Mg(s) + H,O(g) > 2MgO(s) + H,(g) 


2 Write the word equation 
for the reaction of calcium 
with water, 


The metals that react with dilute acids form hydrogen and a salt solution. 
Bubbles of gas will be seen, The more bubbles formed, the more reactive 
the metal. 

423 3 Write the balanced 
equation for the reaction 
of magnesium with dilute _ In all of these reactions, the metal atoms lose electrons to form positive 
hydrochloric acid. Include _ions (cations). The more easily a metal’s atoms lose electrons, the higher the 
state symbols. metal is in the reactivity series. 


Zn(s) + H,SO,(aq) > ZnSO,(aq) + H,(g) 
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Displacement reactions 


We can use the reactivity series to predict whether reactions will take place. 
Each metal will react with compounds of the metals below it in the series. 


When zinc is dipped into copper sulfate solution, a copper coating forms on 
the surface of the zinc. Some of the zinc takes the place of the copper and 
forms zinc sulfate solution. 


Zn(s) + CuSO,(aq) > Cus) + ZnSO,(aq) 


This is a displacement reaction. The zinc has displaced the copper. 


Displacement reactions only work one way. Copper cannot displace zinc from 
its compounds because copper is less reactive. C Blue copper sulfate solution changes 
to colourless zinc sulfate solution as 
4 Use the reactivity series to predict whether a displacement zinc displaces copper. 
reaction will take place in the reaction below. Either complete the 
equation or write ‘no reaction’. 


magnesium + copper sulfate —> Po] 5 Write the balanced 
Se RS ee ‘ equation for the reaction 
| between magnesium and 


! Displacement reactions are also redox reactions. The reaction between zinc chloride. 


zinc and copper sulfate can be written as an ionic equation: 


Zn + Gu® > Cu + Zn*® 
How confidently can you answer 


The sulfate ions have been left out as they do not change and are called tiie Piogisssion cavestions? 


spectator ions. The zinc atoms lose electrons to form zinc ions. This can 
be shown in a half equation. 2e represents the two electrons. 


‘$1 Describe the reactions 
you could carry out to find 
the order of reactivity for 
magnesium, tin, chromium and 
copper. You may use the metals 
and the metal nitrate solutions. 


Zn + Zn® + 2e This is oxidation - the loss of electrons. 
The copper ions gain electrons to form copper atoms; 


Gf + Ze = This is reduction ~ the gain of electrons. 


A reaction in which one substance is oxidised and another is reduced is 
called a redox reaction, 


E1 lj Magnesium reacts with 
dilute sulfuric acid and zine 
nitrate solution, as shown: 


Mg+ H,SO, + MgSO, +H, 
Mg + Zn(NO,), > Mg(NO), + Zn 


PR ric equations for 


Three metals are labelled X, ¥ and Z. Metal X displaces Z from Z sulfate Aneicaia 
solution. Metal X does not displace ¥ from ¥ sulfate solution. 


82} © Explain which substances are oxidised and reduced when: 
Mg+ Zn > Zn + Mg® 


b Explain, in terms of 
State the order of reactivity of the three metals, giving a reason for electrons, why these are 
your answer, (3 marks) redox reactions. 
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‘+ Which metals are found uncombined in the Earth’s crust? 
+ How is the method of extraction of a metal related to its position in the reactivity series? 
+ IHJHow are biological methods used to extract some metals? 


A Gold occurs uncombined in the 
Earth’s crust, 


3 1 Write word equations for 
the two reactions needed 
to produce copper. 


€73 2 State why copper can 
be produced by heating 


copper oxide with carbon. 


Very unreactive metals, such as gold and platinum, are found naturally in 
their native state (as uncombined elements). More reactive metals have 
reacted with other elements to form compounds in rocks. The process of 
obtaining a metal from these compounds is extraction. 


An ore is a rock that contains enough of a compound to extract a metal for 
profit. Haematite is an ore containing iron oxide. Iron is extracted by heating, 
the iron oxide with carbon. Carbon is more reactive than iron so it displaces it. 


iron oxide + carbon — iron + carbon dioxide 


This method is used for compounds of metals below carbon in the reactivity 
series shown in table B. 


Malachite is an ore containing copper carbonate, Malachite is heated to convert 
it to copper oxide, which is then heated with carbon to produce copper. 


Metals higher than carbon must be extracted using a more powerful method 
called electrolysis. This involves passing electricity through a molten ionic 
compound to decompose it into its elements, Aluminium is produced by 
electrolysis of aluminium oxide, found in an ore called bauxite: 


aluminium oxide >» aluminium + oxygen 


A lot of energy is needed to keep metal 
oxides molten for electrolysis, making it 


\ potassium _| electrolysis of a molten extremely expensive. Electrolysis is only used 
>, i compound to extract very reactive metals that cannot be 
Gg cell obtained by heating their oxides with carbon. 
calcium 
waaeiiesi 3 Name two metals that can only 
Z us be extracted from their ores by 
3 aluminium electrolysis. 
= Kcarbon) 4 Zinc can be extracted from zinc 
a zine heat an ore with carbon oxide, ZnO, by heating with carbon. 
s 
2 iron 423 a Write the balanced equation for 
copper this reaction. 
silver found as the uncombined x b Explain why electrolysis is not 
lo element used in the large-scale extraction 
sue of zinc, 


B reactivity of some metals 


88 


| Copper is traditionally extracted by heating copper sulfide (producing 
' copper and sulfur dioxide). However, copper ores are running out and so 
we need to extract copper from ores containing much smaller amounts of 
copper compounds, 


Bioleaching uses bacteria grown on a low grade ore. The bacteria produce a 
solution containing copper ions, called a leachate. Copper is extracted from 
the leachate by displacement using scrap iron, then purified by electrolysis. 
This method can also be used for metals such as nickel, cobalt and zinc. 


Phytoextraction involves growing plants that absorb metal compounds. 
The plants are burnt to form ash, from which the metal is extracted. 


both no harmful gases (e.g. sulfur | very slow 
bioleaching and | dioxide) are produced 
Phytoextraction | causes less damage to the 
landscape than mining 
conserves supplies of higher 


C The tree used for phytoextraction 
contains a nickel-rich sap, which 
makes it green, 


grade ores pecan Me Lane tanerecer 2 
bioleaching does not require high toxic substances |! 
temperatures and sulfuricacid can |1 
be produced by the |! 
process, and damage | | 
i 1 
shgervironment | + | When aluminium was first 
phytoextraction | can extract metals from more expensive than |! | extracted by electrolysis in the 
contaminated soils mining some ores | | late 19th century it was more 
growing plants ‘| expensive than gold. 
is dependent on ! 
——— || 
1 
‘ 
D some advantages and disadvantages of bioleaching and phytoextraction | 46, confidently can you answer 
62} 5 Suggest why bioleaching and phytoextraction are very slow. | _the Progression questions? 
1 
Strengthen 
Fe 2 i inet 
6 Copper ions, Cu" are produced in solution during bioleaching. '  ¢4 exoiain why iron is extracted 
Write an ionic equation for the displacement reaction between ' from iron oxide using a 


these copper ions and iron. Include state symbols. 


+ different method to the one 
used to extract aluminium 
from aluminium oxide. 


E1 [gl Compare and contrast 
Sodium is more reactive than aluminium, Describe a method to extract biological and non-biological 
sodium from sodium chloride. Give a reason for your answer. (3 marks) methods of metal extraction. 
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+ How do you explain oxidation and reduction in terms of oxygen? 
‘+ What types of reaction happen to ores when metals are extracted? 
+ How is the position of a metal in the reactivity series related to its resistance to corrosion? 


A lron oxide is reduced to iron in a blast 
furnace. 


3 1 Metals are obtained by 
reduction of their ores, 
State the meaning of 
‘reduction’, 


423 2 Zinc oxide reacts with 
carbon to form zinc and 
carbon dioxide in a redox 
reaction. Explain which 
‘substance has been 
oxidised and which has 
been reduced. 


3 Hi Molten sodium chloride 
contains Na’ and Ct jons. 
It is electrolysed to form 
sodium and chlorine. 


a Write the half-equations 
for the reactions at the 
anode and the cathode. 


b Explain whether 
the reaction at each 
electrode is oxidation or 
reduction. 


Many metals are extracted from metal oxide ores. In order to obtain the 
metal from its oxide, the oxygen must be removed. When oxygen is removed 
from a compound, the compound is said to be ‘reduced’. 


Metal extraction is reduction 


Oxidation is the gain of oxygen by a substance. Reduction is the loss of 
oxygen from a substance. Oxidation and reduction always occur together. 
If one substance is oxidised, another will be reduced, Reactions in which 
oxidation and reduction occur are called redox reactions. 


Iron is obtained by removing the oxygen from iron oxide by heating with 
carbon. The iron oxide is reduced to iron. Carbon is oxidised to carbon dioxide. 


iron oxide + carbon — iron + carbon dioxide 


Aluminiumis obtained by removing oxygen from aluminium oxide by electrolysis. 


positive graphite electrodes (anodes) 


negative 
graphite 
electrode 
(cathode) 
molten aluminium 
oxide dissolved 
aluminium has a Beyeee 
melting point of 
660°C sois 
formed as a liquid —| I 
aluminium 
steel cell out 


B the electrolysis cell used to extract aluminium 


During electrolysis, aluminium ions (Al) are attracted to the cathode, where 
they gain electrons to form aluminium, The oxide ions, O, are attracted 

to the anodes, where they lose electrons to form oxygen. At the high 
temperature in the electrolysis cell, the oxygen reacts with the graphite 
(carbon) anodes to form carbon dioxide. 


The half-equations for the reactions occurring at the electrodes are: 


cathode Al’* + 3e — Al reduction (the ions have gained electrons) 


anode 20* ~ O, + 4e oxidation (the ions have lost electrons) 


Corrosion happens when a metal reacts with oxygen, making the metal 
The iron originally on Mars has 
weaker over time. The metal gains oxygen so is oxidised. The corrosion of 
: : ; slope eae rusted over billions of years, 
iron requires water as well as oxygen and is called rusting ciate pldnet ied. On the 


The more reactive a metal is, the more rapidly it corrodes. Gold does not Moon, however, the dark areas on 
corrode at all, which is one of the reasons it is used in jewellery. its surface are made of an iron: 
rich rock, The iron in these rocks 


has not rusted. 


S83 4 Look at the Did you know? 
box. Explain what the 
different colours in the 
iron-rich rocks on Mars 
and the Moon tell us 
about their atmospheres. 


How confidently can you answer 
the Progression questions? 


C The Grouville Hoard was found in a field in Jersey in 2012. It contains about 70000 


coins and pieces of gold jewellery, which are 2000 years old, The gold has not corroded. “Strengthen 


Some metals, such as aluminium, are quite reactive and would be expected S1 Copper oxide reacts with 
to corrode quickly, However, they do not corrode because their surfaces form hydrogen: 
a protective oxide layer (a tarnish), which prevents further reaction CuO+ H, + Cu + H,0 


State, with a reason, which 
substance has been’ 
a oxidised b reduced. 

S2 Three metals were left outside 
for 1 month. Metal A did not 
corrode at all; metal B corroded 
a lot; metal C corroded a 
little, Put the metals in order 
of increasing reactivity and 
explain your reasoning. 


E1 [il The half-equation for 
the reaction taking place at 
one of the electrodes during 
ith oxygen and water. the electrolysis of molten 
magnesium chloride is: 
Mg® +e -> Mg. Explain: a at 
which electrode this reaction 
Iron oxide is reduced by heating it with carbon. Explain what is oxidised in ‘occurs b whether this is 
Mls Process (2 marks) oxidation, reduction or neither. 


D The iron in the Angel of the North has rea 


Exam-style question 


a 


SC11d Life cycle assessment and recycling 


Specification reference: 4.10; C4.11; C4.12 


Progression questions 


+ What are the advantages of recycling a metal? 
+ When might recycling a material not be worthwhile? 
+ What are the factors to consider in a life cycle assessment of a product? 


A Artists have recycled the waste washed up on the coast of Kenya into sculptures 


Every UK household is estimated to produce 1 tonne of waste each year. 
About 45% of this waste is recycled but there is an EU target for recycling to 
reach 70% by 2030. 


An estimated 2 million tonnes of waste electrical and electronic equipment 
(WEEE), such as phones, TVs and toasters, are thrown away in the UK each 
year. These items contain a lot of precious metals worth about £1 billion, 
including about £36 000000 worth of aluminium, 


Recycling metals 
Many metals can be recycled by melting them down and making them into 
something new, Some of the main advantages of recycling are as follows: 


B The WEEE man is made from over + Natural reserves of metal ores will last longer, 
3 tonnes of electrical and electronic + The need to mine ores is reduced, Mining can damage the landscape as 
equipment that the average person in well as create noise and dust pollution. 


the UK throws away in a lifetime. + Less pollution may be produced. For example, sulfur dioxide is formed 


S% 1 Describe what is meant by __ When Some metals are extracted from metal sulfide ores 


‘recycling metals’. + Many metals need less energy to recycle them than to extract new metal 
from the ore. 


3 2 Makea table to summarise 
the advantages and 
disadvantages of recycling However, there are some disadvantages of recycling ~ including the costs 


+ Less waste metal ends up in landfill sites. 


metals compared to and the energy used in collecting, transporting and sorting metals to be 
extracting more of the recycled. Sometimes it can be more expensive, and require more energy, 
metals from ores, to recycle than to extract new metal. 
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Life cycle assessment 

A life cycle assessment (LCA) can be carried out to 
work out the environmental impact of a product. 
‘An example is shown in diagram C. 


obtaining and processing 


disposal of product raw materials 


The LCA also helps people to decide whether it is 
worthwhile to manufacture and recycle a product. 
LCAs can be used to compare the effect of using 
different materials for the same product, for 


; Questions to 
example making a bottle from glass or plastic. # 


‘What raw materials are needed? 
How are the raw materials processed? 
How much energy is needed for the 
manufacture and packaging of the product? 
Where will the energy come from? 
What will the product be used for? 


‘Some data that could be used as part of an LCA for 
the manufacture of a sample of 1 kg of aluminium is 
shown in the table below. 


+ 5.5kg of bauxite produces 1.9kg of aluminium 
oxide, which produces 1.0kg of aluminium 
during electrolysis 

+ 0.3kg of carbon is burnt from the anodes 

+ 285000K of energy is needed to produce 1 kg 
of aluminium from bauxite 

+ 14000K) of energy is needed to produce 1 kg of 
aluminium from recycled aluminium 


using the product 


C stages in an LCA 


The Colossus of Rhodes, one of 
the Seven Wonders of the Ancient 
World, was completed in 280 BCE 
using bronze from abandoned 


weapons. It was destroyed by an 
earthquake in 226 BCE, About 
800 years later, the metal was 
recycled again, 


D the Colossus of Rhodes 


State the four stages that are considered ina life cycle 
assessment of a product. 


Give two reasons why a life cycle assessment should be carried 
out before deciding whether to make a new product. 


Describe two advantages of recycling copper, rather than obtaining it 
from its ores, (2 marks) 
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How will the product be disposed of? 


‘manufacturing and 
packaging the product 


How confidently can you answer 
the Progression questions? 


S1 a Outline how a broken 
aluminium saucepan is 
recycled to make an aluminium 
drinks can. b State the 
advantages and disadvantages 
of recycling aluminium. 


E1 Discuss the life cycle 
assessment of aluminium, 
using the data shown in the 
data table and the extraction 
of aluminium in the previous 
topic. Include a description of 
other factors that need to be 
considered as part of the LCA. 


ion: 


‘+ What is meant by dynamic equilibrium? 


* How is ammonia manufactured? 
+ [BHow do changes in temperature, 


‘A Heating ammonium chloride is a 
reversible reaction. 


3 1 What is happening when a 
reaction reaches ‘dynamic 
equilibrium’? 


pressure and concentration affect the equilibrium position? 


In some chemical reactions the products react to reform the reactants, These 
are reversible reactions. In the equations for reversible reactions (such as 
the one shown in photo A), a double arrow ‘=" is used to show that both 
forward and backward reactions occur at the same time. 


[erwaralresction > 


ammonium chloride = ammonia + hydrogen 
NH,CUs) NH(g) + HCl(g) 


4 


Graph B shows how the percentages of the reactants and products change 
during the reaction, At a certain point, the forward and backward reactions are 
still occurring but the percentages of the reactants and products are no longer 
changing, This is called a dynamic equilibrium because the reactions are still 
occurring (dynamic) but the substances remain in balance (equilibrium). 


Although all reactions are reversible, dynamic 


100. + 

0 {This is the teint at wat == equilibrium only occurs in closed systems, 
8 0 BL Weeds Sew hee where there is no loss of reactants or products. 
. 70 + Pp In an open system, gases could escape and so 
2 60 {When both reactions occur at equilibrium would not be achieved. 
5 50. the same rate, the amount of 
2 40 Hops Sti SEEoaES 2 When calcium carbonate is heated 
z 30 Tint wml - R in an open test tube it decomposes 
4 20. Seaton stare. ' to form calcium oxide and carbon 

andgets hs 
bs slower with time. oionide:, 
é a a | rT) 


Time (s) 


B Ina reversible reaction, the backward reaction gets faster with 
time, and the forward reaction gets slower with time, When they are 


‘a Write a word equation to represent 
this change as a reversible reaction. 


b Explain why equilibrium will not be 


occurring at the same rate, dynamic equilibrium has been reached. achieved in this case. 


Nig) + 3H,g) # 2NH(g) 
nitrogen hydrogen ammonia 


G23 3 what happens to the 
amount of ammonia after 
equilibrium is reached in 
the Haber process? 


The manufacture of ammonia by the Haber process involves a reversible reaction 
between nitrogen (from the air) and hydrogen (from natural gas) that can 
reach a dynamic equilibrium. The ‘equilibrium position’ (the percentages of the 
products and reactants at equilibrium) is changed by the reaction conditions. In 
the Haber process, and all similar industrial reactions, the reaction conditions 
are chosen to favour the forward reaction and make a large amount of product 
as cheaply as possible. In the Haber process, these conditions are a temperature 
of 450°C, a pressure of 200 atmospheres and the use of an iron catalyst. 
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Dynamic equilibrium 


| The equilibrium position can be altered by changes in temperature, 

' pressure and concentration. In general, the equilibrium position shifts to 

| reduce the effects of any changes to the system, as described in table C. industrial reactions is, 
often controlled. 


cect citer 


4 Explain why the 


equilibrium position in 


H 
1 
' 
1 
1 
1 
' ' 
' 1 
\ 1 
Weweact mE A 1 
poses i the rata ea ee ad betweerexothermicand. § 
; mperature irom the surroundings, cooling them down) Bndcthernnicrenctiona: H 
|| decreasing in the exothermic direction (transferring energy to 1 
; ; 6 The formation of 
'| temperature | the surroundings, heating them u ' 
pe a) methanol from carbon! 
'| increasing gas _| in the direction that forms fewer gas molecules (as monoxide and hydrogen! 
: | Pressure this reduces pressure) isa reversible reaction 
|| decreasing gas | in the direction that forms more gas molecules (as thatis exothermic in the | 
|| pressure this increases pressure) forward direction. 1 
' 1 
| increasing a in the direction that uses up the substance that has CO(g) + 2H,(g) 1 
|| concentration | been added # COW 
; decreasing a in the direction that forms more of the substance Explain the effect on the ; 
{| concentration | that has been removed position of equilibrium | 
' of increasing: 1 
ic ' 
1 F; 1 
| Photo D shows how the equilibrium position of a mixture of nitrogen Fa temperature ‘ 
| dioxide and dinitrogen tetroxide depends on temperature. 3 > pressure i 
| 2NO,(g) = N,0,(g) (forward reaction is exothermic) ¢ carbon monoxide | 
| nitrogen dioxide (brown) dinitrogen tetroxide (colourless) concentration, 
ae eect 
' decreased the equilibrium 1 
16 S shifts to the right so the 1 How confidently can you answer 
! tcolonie gala Rapier: | the Progression questions? 
i anges bn, | suengten 
I molecules ‘@' into colourless : 
1 N,O, ‘G! molecules as this is 1 $1 Use equations to explain 
; triennial ' the formation of ammonia 
i SneaemaT H ina reversible reaction that 
\ 1 reaches a dynamic equilibrium. 
| DAs the temperature is decreased the equilibrium shifts in the exothermic direction. ' eo el 


E1 Explain how a dynamic 


equilibrium is reached in the 
formation of ammonia. 
Describe what happens in a reversible reaction. 1 mar 
we (mark) | Ep Il The formation of ammonia 
| b Bll Look at the equilibrium between NO, and N,0, in diagram D. is exothermic, Describe three 
Explain why the colour changes when the pressure is increased, ways to increase the amount. 
(3 marks) of ammonia at equilibrium. 
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‘+ Where are the transition metals found in the periodic table? 
‘+ What are the typical properties of transition metals? 
+ What properties of iron make it a typical transition metal? 


‘A Tungsten inert gas (TIG) welding joins 
pieces of steel together. The welding 
torch uses tungsten electrodes. The 
very high melting point of tungsten, 
342°C, prevents these from melting, 


“% 1 Describe the position of 
the transition metals in 
the periodic table, 


Name the property that 
allows steel car parts to be 
pressed into shape. 


Bronze is a mixture of 
copper and tin, Suggest 
a reason that explains 
why some ancient Roman 
mirrors were made from 
polished bronze. 


Tungsten and iron, like most other metals, are transition metals. These 
elements are placed in the central block of the periodic table, between 
groups 2and 3. The transition metals include most of the metals used for 
construction, vehicles, electrical wiring, jewellery and other everyday uses. 


4 2 345670 


B the transition metals, with some common examples identified 


Physical properties 
The transition metals have the typical properties of metals. In general, 
transition metals are: 


+ malleable (they can be hammered or rolled into shape without 
shattering) 

* ductile (they can be stretched out to make thin wires) 

+ good conductors of electricity 

+ shiny when polished. 

Iron is malleable and strong. It is used to make buildings, bridges, ships and 

cars. Copper is used for electrical wiring because it is ductile and a good 

conductor of electricity. Household mirrors consist of a sheet of glass coated 


with aluminium, Silver is even more shiny than aluminium, so it provides the 
reflective coating for the mirrors in infrared telescopes. 


Compared to aluminium and the metals in groups 1 and 2, transition metals 
typically have: 


+ high melting points 
+ high densities. 


6 


Transition metals 


sodium 0.968 98 
magnesium 114 650 
aluminium 2.70 660 
iron 787 1538 
copper 8.96 1085 
silver 105 962 
tungsten 192 3422 


‘€Sodium (group 1), magnesium (group 2) and aluminium (group 3) have lower 


densities and melting points than typical transition metals such as iron. 

Remember that these are typical properties, and there are exceptions. Form Mercury melts at -39°C and boils 

example, mercury is a transition metal with a high density, but itis liquid at at 356°C. A steel nail can float on it 

room temperature. because of the high density of mercury, 
13.53 g/cm’, 


3 4 Explain why mercury is liquid, rather than solid or gas, at room 
temperature. 


Chemical properties 

Aluminium, and the metals in groups 1and 2, form white or colourless 
compounds. However, transition metal compounds are usually coloured. For 
example iron(II!) oxide, Fe,O,, is red-brown. Tungsten oxide, WO,, is yellow. 
Different transition metal hydroxides are different colours. This property is 
used to identify the transition metal ion present in a substance (see SC25b 
Tests for positive ions). Iron(\l) hydroxide, Fe(OH), is pale green but iron( tl!) 
hydroxide, Fe(OH),, is orange-brown. 


E Pure beryl is a colourless mineral. ron 
impurities turn it into aquamarine, a 
blue gemstone. 


£23 5 Rubies are red gemstones that are mostly aluminium oxide. 
Suggest a reason that explains why rubies are coloured. 


Transition metals and their compounds typically show catalytic activity. 
Catalysts increase the rate of a reaction without being changed either 
chemically or in mass at the end of the reaction. Iron is the catalyst used How confidently can you answer 
to manufacture ammonia by the Haber process. Iron(lil) chloride, FeCl,, is the Progression questions? 

catalyst used during the manufacture of poly(chloroethene) or PVC. 


oo) 6 Catalytic converters in vehicles convert harmful exhaust gases 
into less harmful ones. Suggest a reason that explains why these 
devices contain platinum, Pt, and rhodium, Rh. 


To csr cons 
properties of transition 


$1 Why is iron considered to be a 
typical transition metal? 


Potassium, K, is a group 1 metal and titanium, Ti, is a transition metal. metals with those of other 
Predict one difference in their physical properties and one difference in metals, such as sodium and 
their chemical properties. (2 marks) aluminium. 
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Progression questions 


‘+ Why do metals corrode? 


+ How can the surface of iron be protected from rusting? 
+ How does sacrificial protection prevent rusting? 


1M 


A The Statue of Liberty consists of 
27 tonnes of copper sheeting over a 
steel frame. Its green colour is due to a 
natural layer of copper salts that forms 
when copper tarnishes, 


1 Explain why magnesium 
ribbon appears dull grey, 
but becomes silvery when 
rubbed with sandpaper. 


Write a balanced equation 
for the reaction of 
aluminium with oxygen, 
forming aluminium oxide, 
ALO, 


When metals react with oxygen in the air, they oxidise to form metal oxides. 
Very reactive metals, such as sodium, oxidise rapidly when they are freshly cut: 


sodium + oxygen > sodium oxide 


4Na(s) + O,(g) +  2Na,0(s) 


B White sodium oxide forms quickly on shiny, freshly cut sodium. 


Less reactive metals, such as silver, oxidise slowly. Gold and other very 
unreactive metals may not react with oxygen at all. 


Metals may form a thin layer of tarnish when they oxidise. This layer stops 
oxygen reaching the metal, preventing further oxidation. The green layer 
of ‘verdigris’ on the Statue of Liberty protects the copper underneath. In a 
similar way, aluminium is a reactive metal protected by a natural layer of its 
oxide. This layer is thin enough to see the aluminium underneath. 


| Metals oxidise when they lose electrons. This happens when metals react 
| with oxygen. It may also happen when metals react with other substances 
' found in air. For example, silver reacts with hydrogen sulfide to form a 

| black layer of silver sulfide: 

| silver + hydrogen sulfide — silver sulfide + hydrogen 


2Ag(s) + H,S(g) > AgS(s) + H,(g) 


|e} 3 Write a half equation to model how silver oxidises to silver ions, 


Rusting 


Corrosion happens when a metal continues to oxidise and so the metal 
becomes weaker over time. Rusting is the corrosion of iron or steel (which is 
mostly iron). Iron rusts when it reacts with oxygen and water: 


iron + oxygen + water + hydrated ironiill) oxide 


Hydrated iron(tll) oxide is the orange-brown substance seen on rusty objects. 


Rust flakes off rusty iron, which exposes more metal to air and water and so 
the iron continues to corrode and weaken. 


3 4 Compare and contrast tarnishing with corrosion. 


823 5 Explain why rusting is an oxidation reaction. 


Rusting can be prevented if air is kept away. This can be achieved by storing 
the metal in an unreactive atmosphere of nitrogen or argon. Rusting can also 


be prevented if water is kept away, for example using a desiccant powder that 


absorbs water vapour. Other methods of rust prevention keep both air and 
water away, including painting, coating with plastic, oiling and greasing. 


3 6 Explain why a bicycle chain is oiled rather than painted. 


Sacrificial protection 
Sacrificial protection is a method 
of rust prevention that does not 
rely on keeping air or water away. 
Instead, a piece of magnesium 

or zinc is attached to the iron or 
steel object. Magnesium and zinc 
oxidise more easily than iron, so 
oxygen reacts with them rather 
than with the iron or steel object. 
This protection continues until the 
sacrificial metal corrodes away. 


The more reactive a metal is, the 
| more easily it loses electrons. Zinc 
' and magnesium lose electrons 
| more easily than iron does, so 
they are more easily oxidised, 


D blocks of sacrificial metal bolted onto 
a ship's hull 


Evaluate the suitability of sodium for the sacrificial protection of an 
offshore oil rig, G marks) 
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The Iron Pillar of Delhi is a 6 tonne 
iron pillar, over 1600 years old and 
almost free of rust. It contains 

a relatively high amount of 
phosphorus. This forms a natural 
layer of iron hydrogen phosphate, 
which prevents air and water 
reaching the iron below. 


C the Iron Pillar of Dethi 


3 7 Explain why zinc blocks 
are attached to a ship's 
hull beneath its waterline. 


How confidently can you answer 
the Progression questions? 


‘$1 How do different methods of 
rust prevention work? 


E1 How could you investigate the 
effect of dissolved salt on the 
rate of rusting? 


‘+ What is electroplating? 
+ Why are metals electroplated? 
+ How is electroplating done? 


‘A Taps are plated with shiny chromium 
to improve their appearance and 
resistance to corrosion. 


B High-end electrical connectors are 
plated with gold to improve their 
corrosion resistance. 


Replica ancient gold and 

silver coins are produced by 
electrotyping. The two sides of a 
real coin are pressed into lead to 


make a mould. The two moulds 
are electroplated with gold or 
silver. The electroplated metal 
halves are removed from the 
moulds, then filled and glued 
together to make the replica coin, 


Electroplating coats the surface of one metal with a thin layer of another 
metal. Silver and gold are attractive transition metals but they are 
expensive. Silver or gold can be electroplated onto cheaper ‘base metals’ 
such as copper or nickel. This produces attractive jewellery that is cheaper 
than solid silver or gold. 


Electroplating may also be used to improve a metal object's ability to resist 
corrosion. Chromium is a transition metal that resists corrosion. Objects 
such as vehicle parts and boat parts made from steel may be ‘chrome 
plated’ using electroplating, The thin layer of chromium stops air and water 
reaching the steel below, preventing the object rusting. 


(EB 1. Suggest two reasons that explain why a drum kit may be chrome 
plated. 


Silver and copper are the best electrical conductors, but both tarnish in air. 
A layer of tarnish may form when cables and equipment are disconnected. 
Expensive hifi cables and electronic equipment may use gold-plated 
connectors, Gold is the third-best electrical conductor. It does not tarnish 
but it is much more expensive than silver or copper. 


2 Cables can be made from copper. 


SS} a Describe a disadvantage of using copper cables in electronic 
equipment. 


3 b Give a reason that explains why gold-plated connectors are 
sometimes used in expensive hi-fi equipment. 


{ZB Describe a disadvantage of using gold-plated connectors in this 
type of equipment. 

Carrying out electroplating 

To electroplate a metal object, you need: 

+ an anode (positively-charged electrode), made from the plating metal 

+ anelectrolyte, which is a solution containing ions of the plating metal 


+ acathode (negatively-charged electrode), which is the metal object 
itself. 


3 3 Describe three substances you need to electroplate a steel 
exhaust pipe with chromium, 
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Diagram C shows how you could electroplate a copper ring with silver. 

A direct current (d.c) flows through the electrodes and the electrolyte. Silver 
ions in the electrolyte move to the negatively-charged copper ring. They 
gain electrons and are deposited as silver atoms. At the silver anode, silver 
atoms lose electrons to become silver ions, which go into the electrolyte. The 
longer the current flows, the thicker the silver layer on the ring becomes. 


| These half equations model the changes that happen when copper is 
electroplated with silver; 


‘Ag(s) > Ag'(aq) +e 
at the copper cathode: Ag’(aq) +e > Ag(s) 


at the silver anode: 


&E} 4 Explain whether reduction or oxidation happens at the anode. 


&2} 5 Metal bicycle parts may be electroplated with nickel to improve 
their appearance. Nickel chloride solution, NiCl,(aq), or nickel 
sulfate solution, NiSO,(aq), may be used as the electrolyte. 
Write half equations to model the changes that happen at each 
electrode. 


' 
' 
' 
1 
1 
1 
1 
1 
' 
1 


Galvanising and tin plating 

Iron and steel objects can be protected from rusting by coating them with 
zinc, This is called galvanising. The thin layer of zinc improves corrosion 
resistance by stopping the water reaching the iron or steel, and by acting 
as a sacrificial metal, This sacrificial protection can continue even if the zinc 
layer is damaged. 


Galvanising can be carried out using electroplating, or by dipping the object 
in molten zinc. 


Food cans are made from steel. Their inner surface is protected from rusting 
by electroplating with tin. Tin does not react with air or water at room 
temperature, The tin layer stops air and water reaching the steel. However, if 
the tin layer is damaged, the steel can will rust faster. This is because iron is 
more reactive than tin, so it acts as a sacrificial metal to protect the tin. 


GE} © a Suggest reasons that explain why galvanising a steel farm gate 


is desirable. 
3 


| Suggest two reasons that explain why a gold medal may consist of silver 
| electroplated with gold. (2 marks) 


b Describe how you would use electroplating to galvanise the gate. 


or 


silver plating silver nitrate solution 
metal (anode) (electrolyte) 


electroplating silver onto a copper ring 


D the surface of galvanised steel 


How confidently can you answer 
the Progression questions? 


$1 Why are some metal objects 
electroplated with another 
metal? 


E1 Evaluate the use of 
electroplating for jewellery 
and for metal bathroom 
fittings. 


SC13d Alloying 


Specification reference: C5.5C; C5.6C 


* What is an alloy? 


+ Why is iron mixed with other metals to make alloy steels? 
+ Why are alloys often stronger than pure metals? 


[A The Menai Bridge was completed 
in 1826. Its original wrought iron 
suspension chains were replaced by 
steel chains in the 1930s to increase the 
bridge's weight limit. 


f% 1 Explain why wrought iron 
is analloy. 


Write a balanced equation 
for the reaction between 
chromium and oxygen. 


Suggest a reason that 
explains why stainless 
steel is used for surgical 
instruments. 


Alloys of iron, aluminium, carbon 
and manganese are lightweight 
but brittle. In 2015, Korean 
scientists discovered that adding 
some nickel produces an alloy 

as strong and lightweight as 
titanium, but costing ten times 
less. 


An alloy is a mixture of a metal element with one or more other elements, 
usually metals. For example, iron straight from the blast furnace is not pure 
iron. tis an alloy of iron with about 4% carbon, and smaller proportions of 
phosphorus and other elements. Wrought iron is produced by lowering the 
carbon content to less than 0.08%. 


Alloy steels 

Alloy steels are made by deliberately adding other elements to iron. It is 
possible to create a huge range of alloy steels with different properties by 
varying their composition. 


Stainless steels resist rusting, unlike other alloy steels and iron. Stainless 
steels contain chromium, which reacts with oxygen in the air. A layer of 
chromium oxide, Cr,0,, forms. This is thick enough to stop air and water 
reaching the metal below, but thin enough to be transparent. If the metal is 
scratched, more chromium reacts to replace the layer. 


B Stainless steel is useful for domestic and professional kitchens. 


Some alloy steels are very strong and tough. ‘Tool steels’ contain tungsten 
and molybdenum, and are used to make drill bits, In general, the greater 
the carbon content of steel, the stronger and harder itis. Mild steel has a 
low carbon content. However, it also contains elements such as manganese 
to increase its strength while maintaining its malleability. Mild steel is often 
used asa building material and for car body panels. Stronger steels can 

be more difficult to press into shape, but car manufacturers use them to 
produce strong but relatively lightweight car bodies 
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Alloying 


mimild stee! 

smhigh-strength steel 

miultra high-strength steel 

4 Acar body made from 
mild steel alone would 
be heavier than one 
that also contains 
high-strength steel and 
ultra high-strength steel 
(see diagram C). Give a 

C Different alloy steels are used to make a car body, reason that explains this. 


Alloys and strength 

Alloys are often stronger than the pure metals they contain. For example, 
pure iron is too soft for everyday use, but wrought iron is stronger even 
though it contains only a small amount of other elements. Alloy steels are 
even stronger than wrought iron. 


Ina solid, pure metal the atoms are all the same size and are arranged regularly 
in ayers. These layers move past each other if enough force is applied. This is why 
metals are malleable and ductile. In an alloy, the atoms of other elements present 
may be different sizes. They distort the regular structure, making it more difficult 
for the layers to slide past each other. This is why alloys are often stronger 
than pure metals, even though they are usually still malleable and ductile. 


layers move past each other 


Explain, in terms of their 


distorted structure makes it difficult structure, why alloys are 
alloy different-sized atom for layers to move past each other stronger in all directions 


than the pure metals they 
Pam contain. 
Dexplaining the difference in strength between pure metals and alloys How confidently can you answer 
the Progression questions? 


Diagram D shows a simple particle model to explain the difference in 


strength between a pure metal and an alloy. This is a two-dimensional “Strengthen 


model, but remember that metals have a three-dimensional structure. 
$1 Explain, with examples, why 


$3 6 Explain why car parts are made from alloy steels, rather than from metals are often used as alloys 
pure iron or wrought iron. rather than as pure metals. 


ERE Yes. tute te sttement 


| Jewellery gold is often an alloy of gold and copper. Explain how the presence ‘alloys are stronger than the 
of copper atoms can produce an alloy stronger than pure gold, (3 marks) individual metals they contain’ 
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$C13e Uses of metals and their alloys 


Specification reference: C5.7C 


Progression questions IN 


+ What are some common uses for aluminium, copper and gold? 


+ What are some common alloys containing aluminium or copper? 
+ Why are different metals or their alloys chosen for different uses? 


The uses of a metal or alloy depend upon its properties. 
These properties include: 


* chemical properties, such as resistance to corrosion 


+ physical properties, such as density and ability to 
conduct electricity. 


For example, gold and copper resist corrosion. They 

are also malleable, ductile and very good conductors 
of electricity. Both metals could be used for electrical 
wiring, but cost may also be an important factor. Gold 


‘A Magnalium is the name given to a range of alloys of is thousands of times more expensive than copper. So 
magnesium and aluminium, When it has a high magnesium copper is chosen for most electrical wiring, while gold 
content, magnalium is brittle and flammable, making it is used in tiny amounts to connect microprocessors and 
suitable for use in signal flares and sparklers. memory chips. 


Aluminium resists corrosion, but it does not conduct electricity as well as 
copper. However, it is stronger, cheaper and less dense, so it is used for 
overhead electrical cables. The properties of a metal may also depend upon 
the intended use. For example, several wires can be wound around each 
other to make a cable, Such a cable is stronger than one made from a single 
wire of the same diameter. 


B This restorer is applying pieces of very 
thin gold, called gold leaf, to an antique 
ornament. 


Suggest reasons that 
explain why copper is 
used to make plumbing 
parts such as water pipes. 


3 2 Suggest reasons that 
explain why very thin gold 
leaf is used to decorate 
the surfaces of statues C Aluminium is used in overhead electrical cables, such as these being fitted to the 
and picture frames. National Grid's new T-pylons. 
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D Spacesuit visors are coated with a thin layer of gold. This reflects most of the Sun's 
harmful infrared radiation, but is thin enough to let visible light through, 


Alloys may have more useful properties than the metals they contain. For 
example, brass is an alloy of copper and zinc. Copper and brass both resist 
corrosion. Copper is a better conductor of electricity than brass, but brass is 
stronger. This makes brass more suitable than copper for making electrical 
plug pins. 


Magnalium containing 95% aluminium and 5% magnesium is an engineering 
alloy used for aircraft parts and scientific instruments. Table E shows some 
properties of the two pure metals and the alloy. Magnalium is less dense 
and almost four times stronger than aluminium alone. Although it is denser 
than magnesium, magnalium is twice as strong and has better resistance to 
corrosion. These properties allow the manufacture of strong but lightweight 
metal parts, 


aluminium : 10 
magnesium ja 19 
magnalium 2.50 [38 


E properties of aluminium, magnesium and 95% Al / 5% Mg magnalium 


6 Explain, using information from table E, why engineering 
magnalium is more suitable for aircraft parts than aluminium or 
magnesium alone. 


Exam-style question 


Jewellery gold is often an alloy of gold and copper. Other than increasing 
the strength of the jewellery, give two reasons why copper is chosen to 
mix with gold. (2 marks) 
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‘Suggest reasons that 
explain why some 
overhead electricity cables 
of steel wires with 
aluminium wires wound 
around them. 


Evaluate the choice 

of metal, copper or 
aluminium, in household 
electricity cables and 
overhead electricity cables 


Gold is incredibly malleable and 
ductile, Just 1g of gold can be 
hammered into a 60cm diameter 
circle only 0.18 ym thick, or made 
into a wire nearly 3km long 


"95 Explain why brass is 
suitable for making coins 
and musical instruments. 


How confidently can you answer 
the Progression questions? 


1 Why are different objects 
made from different metals? 


E1 Describe to what extent alloys 
are a better choice for a given 
purpose than a pure metal. 


Electrolysis 


direct current: . 
Lead bromide contains Pb and Br ions and has the formula PbBr,. ‘source eh switch, 


The diagram shows the electrolysis of lead bromide. Explain what 
is happening at each electrode at the start of the experiment and 
as the electrolyte melts. (6 marks) 


positive ™ negative 
electrode 


Lead bromide contains Pb* ions and Br” ions and 

has the formula PbBr, (1). It is a compound and has [1] There are no marks for simply repeating information 

ions, so it can be used for electrolysis [2]. During from the question. 

electrolysis, the ions mave towards the oppositely [2] This is correct, but it is not relevant to the question 

charged electrodes (3). The products at each electrode which asks students to explain what is happening at the 

are lead and bromine (4). Heat is needed to melt the electrodes. 

lead bromide so that the ions can move and conduct [3] The answer would be better if it explained what was 

electricity. When the lead bromide is a sdlid, the ions happening at each electrode, 

can't move, so there is no flow of electricity. [4] These are the correct products, but the answer should 
state which product is formed at each electrode. 


This is an acceptable answer. It contains some correct chemistry, but is 
missing some information. There is a good explanation of why heat is 


needed for electrolysis, and the products of the electrolysis are given, Do not just repeat 
information from the 

The answer could be improved by explaining which ions move towards question, and make sure 

which electrode and what happens at those electrodes. For example, it that anything you write is 

could explain that the positively-charged cations (Pb) move towards felevantiothenuestion 

the negatively-charged electrode (cathode), and once there, they gain that hsineeneske 


two electrons to become lead. It would also have been more logical to 
have the last two sentences earlier in the explanation, starting with 
what happens in the circuit at the start of the experiment (when the 
lead bromide is still solid). There is also information that is copied from 
the question and some parts of the answer are not relevant. 
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Paper 1 


SC14 Quantitative Analysis / 

$C15 Dynamic Equilibria, 
Calculations Involving 
Volumes of Gases / 

$C16 Chemical Cells and Fuel Cells 


The photo shows an ethanol production facility, where sugars are 
fermented into ethanol in fermentation tanks, The ethanol is then 
purified for use as transportation fuel. There are other methods of 
making ethanol, and scientists have to consider many factors before 
deciding on the best method to produce it, including availability and cost 
of raw materials, energy requirements, rate of reaction, percentage yield, 
and atom economy of the reaction. 
The learning journey = | 
Previously you will have learnt in SC9 Calculations Involving Masses: 
* about the law of conservation of mass 
* tocalculate the maximum mass of a product formed from the mass of 
a reactant 
* to calculate the concentration of a solution in g dm* 
+ [lto calculate the number of moles of a substance in a given mass of it 
and vice versa. 
In this unit you will learn: 
= reasons why the actual yield of a reaction is less than the theoretical yield 
= to calculate the percentage yield of a reaction 
+ what is meant by the atom economy of a reaction and how to calculate it 
* how to carry out an acid-alkali titration 
+ [HJhow to calculate an unknown concentration or volume of a solution 
using titration 


* [about the factors that are considered when selecting a 
manufacturing method 


* [BB how to interconvert between g dm? and mol dm?, 


Progression questions iN 


‘+ What is meant by the terms theoretical yield and actual yield of a reaction? 


+ How do you calculate the percentage yield of a reaction? 
+ What are some reasons for the actual yield being less than the theoretical yield? 


‘A Hydrogen isa potential fuel of the 


future but is very expensive to produce. 


Scientists have been working on using 
sunlight to split water into oxygen and 
hydrogen. A big advance was made 

in 2015 when scientists increased 

the yield of hydrogen by an order 

of magnitude (10 times) by using a 
substance called gallium phosphide. 


1 Calculate the percentage 
yield for a reaction where 
the actual yield is 3.2g 
and the theoretical yield 
is 4.0g. 


Scientists are trying to produce 
biodiesel by extracting oil from 
algae. The process is not very 


efficient at the moment, with 
only about 15% of the substances 
supplied to the algae being 
converted into useful oils. 


If you split 36g of water into oxygen and hydrogen, you should get 4g of 
hydrogen. 4g is the theoretical yield of hydrogen as itis the maximum 
mass of product that can be formed from the reactant. The theoretical 
yield is calculated from the balanced equation. In practice, you often do 
not get this much. The amount of product obtained when you carry out an 
experiment is known as the actual yield. 


Calculate the theoretical yield of hydrogen from 36g of water. 
2H,0 > 2H, +0, 
Calculate relative 
formula masses 


and multiply bythe. 2*(1+1416)=36 2x(1+1)=4 
balancing number 
Add the unit symbols 36g 4g 


So the theoretical yield of hydrogen is 4g. 


The percentage yield compares the actual yield and the theoretical yield: 


‘eld «actual yield 
Percentage yield =F eoretical yield * 10° 


In the reaction above, the actual yield was 3.3 g of hydrogen. Calculate the 
percentage yield. 


percentage yield = 


2 When limestone is heated, the calcium carbonate decomposes to 
form calcium oxide: 


CaCO, + CaO + CO, 


a Calculate the theoretical yield of calcium oxide that could be 
made from 125 tonnes of calcium carbonate. 


b The actual yield of calcium oxide is 45.5 tonnes. Calculate the 
percentage yield. 
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Why is the yield less than expected? 

When manufacturing substances, the theoretical yield is calculated 
assuming that all the reactants are turned into products, and that the 
products are successfully separated from the reaction mixture. There are 
three main reasons why reactions do not give 100% yields: 


* the reaction may be incomplete so not all of the reactants are used up - 
possibly because the reaction has not been left for long enough, or the 
reaction may reach equilibrium 

+ some of the product is lost ~ for example, when a liquid is transferred 
from one container to another, some of it will be left behind on the walls 
of the first container 

+ there may be other unwanted side reactions taking place ~ for example, 
some of the reactants may react to make a different product, These side 
reactions compete with the main reaction 


The higher the percentage yield of a reaction, the more useful the reaction is. 
Ahigh yield means that fewer raw materials are used to make the same 
amount of product, so there is less waste and more profit can be made. 


C Calcium oxide is 
produced by heating 
limestone in a lime 
kiln. Modern lime kilns 
achieve a much greater 
percentage yield than 
old kilns, such as this, 
Roman kiln. 


Give a reason that explains why it is desirable to have a high 
percentage yield in a reaction. 


4 One of the steps in the production of sulfuric acid is: 
250, + 0, +» 250, 


a Calculate the theoretical yield of sulfur trioxide that could be 
obtained from 256 tonnes of sulfur dioxide. 


2 b The actual yield of sulfur trioxide is 202 tonnes. Calculate the 
percentage yield. 


In an experiment to make potassium chloride, the yield is 2.5g. The 
theoretical yield of potassium chloride for this experiment is 4.0g. 
Calculate the percentage yield of potassium chloride, (2 marks) 
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B When you bake a cake, some of the 
ingredients may get left behind on the 
scales, in the mixing bowl or in the cake 
tin. In a chemical reaction, some of the 
reactants and products may get left 
behind on the apparatus. 


How confidently can you answer 
the Progression questions? 


S1 Carbon dioxide is formed 
when calcium carbonate 
reacts with hydrochloric acid. 
The theoretical yield for this 
reaction is 44, Calculate the 
percentage yield of carbon 
dioxide formed when the 
actual yield is 32g. 

S2 Describe three reasons why 
the actual yield is less than the 
theoretical yield in a reaction. 


E1 Iron is extracted from iron 
oxide by reducing it with 
carbon monoxide 


Fe,0, + 3CO > 2Fe + 30, 


@ Calculate the theoretical 
yield of iron that could be 
obtained from 320 tonnes 
of iron oxide. 


b The actual yield of iron is 
89.6 tonnes, Calculate the 
percentage yield 


* What is meant by the atom economy of a reaction? 
+ How do you calculate the atom economy of a reaction? 
+ [HIHow is data used to decide on the best way to manufacture a product? 


OO - % = B, 4b, 


A The atom economy for making ammonia is 100%. 


Ibuprofen was originally made in 
a six-step process with an atom 
economy of 40%. Its now made 
ina three-step process with an 
atom economy of 77%. 


B Ibuprofen is a painkiller. 


because the equation shows that 
one molecule of glucose produces 
two molecules of ethanol. 


M, of ethanol is multiplied by 2 


‘Atom economy is a method of showing how efficiently a 
particular reaction makes use of the atoms in the reactants. 
Many reactions form more than one product and not all 

of the products are useful. The atom economy shows the 
percentage, by mass, of useful products. 


felative formula mass (M,) of the useful product 
sum of relative formula masses of all the reactants 


atom economy = «100% 


There are two ways of making ethanol, C,H,OH. In one method ethene, C,H, 
is reacted with steam. All of the atoms in the reactants are present in the 
product, so the atom economy is 100%. 


CH, +H,0  C,H,OH 


{6% 1 State what is meant by the atom economy of a reaction. 


‘Show that the atom economy for making ethanol from ethene is 100%. 


The following equation shows the reaction between hydrogen and 
oxygen. 


2H, + 0, > 2H,O 
What is the atom economy for making water in this way? 


Ethanol is also produced by the fermentation of sugars, such as glucose. 
‘The atom economy of this method is much lower than making ethanol from 
ethene because carbon dioxide is formed as a by-product. 


CH,,0, > 2CH,OH + 200, 


20, 
(M,=180) — (M,= 46) 

a aa er ae 
atom economy for making ethanol = i= 100 = 51.1% 


Ped 4 Calculate the atom economy for making iron in this reaction: 
Fe,0, + 3CO — 2Fe + 3C0, 


42} 5 Zinc sulfate, ZnSO,, can be made by reacting zinc carbonate with 
sulfuric acid: 


ZnCO, + H,S0, + ZnSO, + H,O + CO, 
Calculate the atom economy for making zinc sulfate in this way. 
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Chemists often have a choice of reaction pathway to produce a substance 
ona large scale. 


A percentage yield calculation gives no indication of the amount of waste 
products. A reaction can have a high percentage yield but a low atom 
economy, meaning that waste by-products are formed. It is better to 
reduce the amount of waste produced than to have to treat it later, 


One way to improve the atom economy of a reaction is to find uses for the 
by-products of the reaction. 


Chemists must consider other factors when deciding ona reaction 
pathway, including energy consumption, rate of reaction, raw materials 
and the conditions needed to produce a high yield if the reaction reaches 
equilibrium. 


raw materials | carbohydrates (e.g. ethene obtained from 
from sugar cane, sugar | crude oil - this is 
beet, maize) - these are | non-renewable 
renewable 
temperature | 30-40°C 300°C | 
pressure atmospheric pressure _| high pressure (60-70.atm) 
catalyst enzymes in yeast concentrated phosphoric 
acid 
rate of reaction | slow fast 
Beco el — Bhi | 
purity impure - must be pure | 
fractionally distilled | 


D comparison of two ways of making ethanol 


83-7 Compare the two methods of making ethanol in terms of 
raw materials, atom economy, energy consumption and the 
quality of ethanol produced. 


423 > Brazil produces a lot of ethanol from sugar cane. Give three 
reasons that explain why Brazil produces ethanol from sugar 
cane instead of from ethene. 


Calculate the atom economy for making ammonia from ammonium 
sulfate in the following reaction: 


(NH),SO, + 2NaOH = 2NH, + Na,SO, + 2H,0 3 marks) 


it 


Cin Edinburgh, Professor Martin 
Tangey and his team of scientists have 
developed a way of turning the waste 
products from whisky-making into 
butanol, for use as a biofuel. 


6 Explain, in terms 
of waste products, 
whether it is better for a 
reaction to have a high 
percentage yield and a 
low atom economy or a 
low percentage yield and 
a high atom economy. 


How confidently can you answer 
the Progression questions? 


1 Calculate the atom economy 
for producing hydrogen in the 
following reactions: 


a CO+H,0> C0, +H, 
b CH, +2H,0 > CO, + 4H, 


E1 [Explain how atom 
economy, percentage yield 
and the usefulness of waste 
products will affect the choice 
of reaction pathway for 
manufacturing a particular 
product. 


+ How do you calculate the concentration of a solution in g dm? 
+ [How do you calculate the concentration of a solution in mot dm? 
*+ How do you convert a concentration in g dm* into mol dmand vice versa? 


H ‘A solution with an accurate concentration is made up 

in a volumetric flask. These flasks are calibrated to 
measure one volume of solution accurately, for example, 
100.0cm?, 250.0cm? or 1.00dm’. To make a solution, 

the solute is dissolved in distilled water and then made 
up to the graduation mark before stoppering and then 
shaking the flask. 


It is important to measure the volume from the bottom 
of the meniscus and to look at it with your eyes on the 
same level as the graduation mark to get an accurate 
measurement and avoid a random error. 


The concentration of a solution is the amount of solute 
dissolved in a stated volume of solution. The units of 
concentration are usually written as g dm. 1dm* is the 
AA volumetric flask is used for making an accurate solution. same volume as 1 litre or 1000cm’. 


| You can calculate the concentration of a solution in g dm” using this 


meniscus equation: 


! mass of solute in 
concentration in g dm:?= —™ass 01 solute ing_ 
Volume of solution in dm 


' graduation 
; Mark If the volume of the solution is given in cm’, convert it to dm’ by dividing by 
' 1000. You can use an equation triangle to help re-arrange this equation. 

} ya 1. Calculate the concentration, in g dm”, of the solute in these 

| BFill the flask so the bottom of the solutions: 


| meniscus is on the graduation mark. 
a 15g of sodium chloride in 3.0dm’ of solution 


et 
3 b 0.25g of sodium hydroxide in 100cm’ of solution. 


2 Calculate the mass of magnesium sulfate in 50cm’ of a solution of 
concentration 10g dm”. 


‘73 3 Calculate the volume of solution, in cm’, containing 0.5g of zinc 
nitrate that will have a concentration of 2.5 dm>. 


| Cequation triangle for working out 
\ concentration 
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Concentration: 


| Concentrations in mol dm” 


1 The concentration of a solution is often given as the number of moles of 


Some chemists celebrate ‘Mole 
solute dissolved in 1m’ of solution. The unit is written as mol dm. 


Day’ between 6.02am and 6.02pm 
You can calculate the concentration of a solution in mol dm*using this equation: | on 23 October each year. 


number of moles of solute 


concentration in mol dm-?= on sone 
volume of solution in dm 


4 Calculate the concentration, in mol dm”, of the solute in these 


solutions: 
e a 1.0mol of potassium chloride in 4.0dm? of solution = 
b 0.15mol of copper sulfate in 250cm* of solution. MOLE DAY 
D 23 OCTOBER 


Calculate the number of moles of sodium sulfate in 100cm? of a 
solution of concentration 0.25mol dm. 


6 Calculate the volume of solution, in cm’, containing 0.02 mol of 


Hi fi 
potassium hydroxide that will have a concentration of 0.5mol dm”. iow confidently can you answer 


the Progression questions? 


The two types of concentrations are related by the equation: i 


concentration in mol dm-?= —_concentration ing dm” _ S1 A solution of sodium 
relative formula mass of solute hydroxide, NaOH, has a 
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F a sulfuric acid, H,S0,, (gdm) eSacentiation oraimeldant! 
of concentration 


mol dm”, of these 
solutions: 


Calculate the concentration of 


Scant concentalion* relative Prana Tae 
SE} b hydrochloric acid, (Btend 
HCL, of concentration E equation triangle for converting E1 A student needs to make 
1.825g dm”, concentrations supa selution of potesrn 
8 Calculate the concentration, in g dm”, of these solutions: Carbonate, K,COyof 
concentration 0.05 mol dm™. 
i; a sodium hydroxide, NaOH, of concentration 0.5 mol dm? Calculate the mass of 
> ; potassium carbonate needed 
423 sodium chloride, NaCl, of concentration 0.125 mol dm. to make up 250 cn of this 
solution. 


E2 A solution of hydrochloric 
acid has a concentration of 
0.1 mol dm”. Calculate the 
EE) nberof mies of clin 
Calculate the concentration, in g dm”, of a solution of nitric acid, HNO,, a 25,0cm! portion of this 
with a concentration of 0.4 mol dmv”. (2 marks) solution. 


Progression que: 


‘+ How do you carry out an acid-alkali titration? 
+ [BE How do you calculate the number of moles of solute in a given volume of solution? 
+ [BJ How do you calculate the concentration of a solution using the results of an acid-alkali titration? 


(BP 2 25.0cm of sodium Acid-alkali titrations are used to find the exact volume of an acid that 
hydroxide solution was neutralises a specified volume of an alkali or vice versa, Acids and alkalis are 
placed in a conical flask colourless so we use indicators. The apparatus is shown in SC14d Core practical. 
with afew drops ofmethyl 7 
orange. It was titrated 
bool ll ey 1 The concentration of one of the solutions in a titration can be calculated if 
‘State the indicator colour 


2 ! the concentration of the other solution is known. 
change at the end-point. 1 


number of moles of solute 


po one nnn - 77 ---- + concentration in mol dm?= 
volume of solution in dm? 


The mole ratio is the ratio in moles of the substances in a balanced equation. 


1000 
HCL + KOH > KCL + H,O 0.00200 


concentration of NaOH = = 0.0800 mol dm? 


H 
1 
1 
1 
H 
: 
1 
; 1 
i ' 
t ' 
t 1 
t 1 
; H 
t 
| | Titrations have many uses 25.0cm’ of sodium hydraxide solution was titrated against 0.100mol dm? | 
|| including: testing water hydrochloric acid, An average of 20cm’ of the acid neutralised the 
|| samples, and analysing alkali. Calculate the concentration of the sodium hydroxide solution. | 
| | foodstuffs and drugs. ; 1 
' HCl+NaOH > NaCl+H,0 mole ratio HCl: NaOH = 1:1 : 
f 1 
' Step 1: calculate the number of moles of the solution of known volume! 
|g) 2 Sulfuricacid, H,50, and concentration. H 
‘ reacts with a solution of 1 
H peeesslurhipliondde: number of moles of HCl = concentration of HCI x volume used A 
: KOH. Write the balanced (mol dm) (dm) H 
t equation for this =0.100 x 202 _ 9.90200 mol , 
1 reaction, 1000 H 
' 4 Step 2: use the balanced equation to work out the number of moles of 
| €g} 3 25.0cm of potassium alkali that reacted, ' 
' hydroxide solution was H 
: neutralised by 35.0cm? Imol of HCI reacts with 1 mol of NaOH, so 0.00200mol of HCl reacts | 
‘ of 0.750mol dm> with 0.00200 mol of NaOH. ' 
‘ 4 
dilut lori 
! erated ae Step 3: calculate the concentration of the sodium hydroxide solution. ! 
‘ concentration, in ‘ - 5___number of moles of NaOH! 
' H itration of NaQH dim #2 
i mol dm, of the Concentration of NaQH in mol cim’"= lume of NaOH solution in drm 
' potassium hydroxide A 1 
i solution used. volume of NaOH solution = —— = 0,0250dm? ; 
H ' 
i ' 
\ 1 
‘ Hl 


0.0250 


calculations 


| These types of calculations can also be used to calculate the volume of one 
| solution that will react with a given volume of another. You need to know the 
| concentrations of both solutions and the balanced equation. 


25.0cm? of 0.200 mol dm” sodium hydroxide solution was neutralised by 
0.150 mol dm’ sulfuric acid. Calculate the volume of sulfuric acid needed 
for the neutralisation, 


2NaOH +H,SO, + Na,SO,+2H,O mole ratio NaQH:H,SO, = 2:1 


Step 1: calculate the number of moles of the solution of known volume 
and concentration. 
number of moles of NaOH = concentration of NaOH x volume used 
(mol dm”) (dm) 
250 
= 0.200 x 222 - 9.09500 mol 
* 7000 


Step 2: use the balanced equation and mole ratio to work out the number 
of moles of acid that reacted. 


2mol of NaOH reacts with 1 mol of H.SO,, 


50 0.00500 mol of NaOH reacts with = = 0,00250mol of H,50, 


Step 3: calculate the volume of sulfuric acid needed. 
number of moles of acid 
concentration in mol dm” 


0.00250 
0.150 


volume in dm? = 


= 0.0167 dm’ or 16.7cm* 


Round the final answer to the same number 
of significant figures as used in the question. 


6 + 10.0cm’ of 0.095 mol dm” sodium carbonate solution was 
neutralised by 0.15 mol dm? hydrochloric acid, Calculate the 
volume of hydrochloric acid, in cm*, needed. 


Na,CO, + 2HCl -» 2NaCl + H,0 + CO, 


|| 25.0cm? of potassium hydroxide solution reacted with 23,3cm’ of 
| 0.100mol dm” hydrochloric acid, Calculate the concentration of this 
|| potassium hydroxide solution in mol dm. 


423 4 10.0cm? of 0.140mol dm? 
sodium hydroxide 
solution was neutralised 
by 12.3cim of nitric 
acid. Calculate the 
concentration, in mol dm”, 
of the nitric acid, 


HNO, + NaQH NaNO, 


+H,0 


i 
1 

' 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

H 

1 

423 5 25.0crn of ' 
0.275 mol dm” potassium ! 
hydroxide solution 7 
was neutralised by 1 
0.166 mol dm” nitric acid. | 
Calculate the volume 1 
of nitric acid, in cm’, 4 
needed toneutralise the | 
potassium hydroxide 1 
solution. ; 
1 

1 

1 


HNO, + KOH + KNO, 
+H,0 


How confidently can you answer 
the Progression questions? 


$1 Describe how to carry out 
a titration to find the exact 
volume of hydrochloric acid 
needed to neutralise 25.0cm? 
of a sodium hydroxide solution. 


1 ff) 25.0cm’ of sodium 
carbonate solution was 
neutralised by 22.6cm? of 
0.100 mol dm” hydrochloric 
acid. Calculate the 
concentration of the sodium 
carbonate solution in g dm. 


Na,CO, + 2HCI + 2NaCl + 
H,0+C0, 


Carry out an accurate acid-alkali titration, using a burette, a pipette and a suitable indicator. 


Aa titration experiment 


B The initial volume of solution in the 
burette is 0.20cm’ and the final burette 
reading is 22.20cm’, 


C Methyl orange indicator is yellow 
in alkalis, peachy-orange in neutral 
solutions and pink in acids. 


Titrations are used to find the exact volume of one solution that reacts 

with a fixed volume of another solution. The fixed volume of solution, often 
25.0cm’, is measured in a pipette and the other solution is contained in a 
burette as these pieces of apparatus give accurate measurements, A burette 
has a fine scale, which gives it a good resolution. It can be read to the nearest 
half division, that is to +0.05 cm’. Remember that the measuring instruments 
are calibrated for readings taken from the bottom of the meniscus. 


The result of an acid-alkali titration can be used to prepare a soluble salt or 
to calculate the concentration of a solution. 


You will carry out a titration to find the exact volume of hydrochloric acid 
needed to neutralise 25.0cm’ of a solution of sodium hydroxide. 


Wear eye protection. Avoid skin contact with the liquids. 

A Rinse a burette with hydrochloric acid, then fill the burette with the acid, 
making sure the jet below the tap is also full. 

B_ Record the initial volume of acid in the burette, 

C_ Rinse a pipette with sodium hydroxide solution, then fill the pipette to 
the 25,0cm? mark and empty the solution into a conical flask. 

D Add a few drops of methyl orange indicator to the flask and place the 
flask on a white tile under the burette. 

E Add the acid to the sodium hydroxide solution while swirling the flask. 

F When the indicator starts to change colour, rinse the tip of the burette 
and the sides of the flask with a small amount of distilled water from 
a wash bottle to ensure that all the acid is in the mixture, then add the 
acid drop by drop until the end-point is reached. 

G Record the final volume of acid in the burette. 

H_ Repeat the experiment, apart from the initial rinsing of the burette 
and pipette, until concordant results are obtained, 
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Core practical ~ Acid-alkali titration 


1 State a safety precaution to take in this practical and the reason 

fort. (1. mark) 
2. Give a reason why the burette and pipette should be rinsed before 

they are filled. (1 mark) 
3 State what you should do after filling the burette with acid and 

before taking the initial reading. (1 mark) 
4 Givea reason for standing the conical flask on a white tile. (1 mark) 
5 Suggest a reason why universal indicator is not suitable for a 


titration. (1 mark) 
6 State what is meant by the ‘end-point’ of the titration. (1 mark) 
7 State the colour change that would be seen at the end-point in 

this titration using methyl orange indicator, (2 marks) 
8 State what is meant by ‘concordant results’ (1. mark) 
9 25.0cm” of sodium hydroxide solution was titrated with dilute 

hydrochloric acid: 


HCI + NaOH — NaCl + H,0 


The following results were obtained. 


final burette —_| 26.00 2630 27.20 
reading (cm’) 
initial burette | 0.00 120 1.90 
reading (cm’) 
volume of acid | 26.00 25.10 
used (cm?) 
a Calculate the volume of acid used in titration 3. (1 mark) 


b Calculate the volume of acid that should be used to react with 
25.0.cm’ of the sodium hydroxide solution to produce the salt 


‘sodium chloride. Give a reason for your answer, (2 marks) 
© Describe how you would use the volume calculated in b to 
obtain pure, dry crystals of sodium chloride. (@ marks) 


df The sodium hydroxide solution had a concentration of 
0.100 mol dm’. Calculate the concentration, in mol dm”, of, 
the hydrochloric acid used in this experiment. G marks) 

10 [Give a reason for using a burette, rather than a measuring 
cylinder, for measuring the volume of hydrochloric acid. 

11 [BJA student carried out a titration experiment following the method 
given, but measured the volumes of the solutions in the burette and 
the pipette from the top of the meniscus instead of the bottom. Explain 
how this error will affect the volumes measured, fat all. @ marks) 
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* Hl What is Avogadro's law? 
* HB What is the molar volume of a gas? 
+ How do you calculate the volume of a gas, and the mass of a solid, involved in a chemical reaction? 


| Avogadro'slaw : 


The volume occupied by a sample of a gas depends on the temperature, 
pressure and number of particles of gas. The volume of a gas does not 
depend on its relative formula mass, M,, Remember that the mean distance 
between gas particles is very large compared to the size of the particles. 


Avogadro's law states that, if the temperature and pressure are the same, 
equal volumes of different gases contain an equal number of molecules. This 
lets you calculate the volumes of gases involved in a reaction. For example, 
nitrogen and hydrogen react together to form ammonia: 


N,(g) + 3H,(g) + 2NH,(g) 


The ratio of nitrogen to ammonia is 1:2. So 100cm* of nitrogen will produce 
200cm? of ammonia, at the same temperature and pressure, if it reacts 
completely with hydrogen. 


“ 3 1 State two assumptions needed when using Avogadro's law in 
| Aln 1914, one way to manufacture calculations, 


| hydrogen was the reaction between 
| silicon and hot, concentrated sodium SE} 2 Calculate the volume of hydrogen that will react completely with 
hydroxide solution. 100cm’ of nitrogen. 


Molar gas volume 


‘The molar gas volume is the volume occupied by one mole of molecules of 
any gas. It is 24dm? or 24000 cm? at room temperature and pressure (rtp): 


volume of gas = amount of gas (mol) x molar volume 


For example, 0.5 mol of carbon dioxide occupies 0.5 = 24 = 12dm’ at rtp. 


2 3 Calculate the volume, in cm’, occupied by 0.1 mol of oxygen at rtp. 
Bn = amount in mol, v = volume of gas, 
V,,= molar volume if you know the volume of a gas at rtp, you can calculate its amount: 


lume of gas 
amount of gas (mol) = UME of Bas 
825 (mol) = iar volume 


ay % Calculate the amount of For example, 96cm? of hydrogen contains 26 _ = 4,0 x 10 mol of. 
chlorine molecules, in fridegan molec’, 24000 
mol, in 16dm’ of chlorine. 
Give your answer to 2 You can use calculations like these to calculate the masses of solids and 
significant figures. volumes of gases in chemical reactions. 


Molar volume of ga: 


1 Sodium reacts with chlorine to form sodium chloride: 
2Na(s) + Cl.(g) > 2NaCl(s) 


a Calculate the minimum volume at rtp, in dm’, of chlorine needed 
to react completely with 0.92 of sodium, 


resn92 
amount of sodium = == = 0.040 mol C Hot sodium burns in chlorine with a 


yellow flame, producing sodium chloride. 


From the balanced equation, 2 mol of Na reacts with 1 mol of Cl, 


So 0.040 mol of Na reacts with 224° _ o.020mol of Cl, SP SOU tescts tt 
2 water to produce sodium 
volume of Cl, = 0.020 x 24 = 0.48dm? hydroxide and hydrogen: 
b Calculate the maximum mass of sodium chloride that can be made 2Na(s) + 2H,0()) > 
from 960m? of chlorine at rtp and an excess of sodium. 2NaOH(aq) + H,(e) 


amount of chlorine = 22 - 0.040 mol Ba Calculate the maximum 
24000 volume at rtp, in di’, 
From the balanced equation, 1 mol ofl, produces 2mol of NaCl of hydrogen that can be 
produced from 4.68 of 
0 0.040mol of Cl, produces 2 x 0.040 = 0.080 mol of NaCl Soda: 


b Calculate the minimum 
mass of water needed 
to produce 0.36dm? of 


G& 


2 Copper carbonate decomposes when heated: 
CuCO,(s) > CuO(s) + CO,(g) hydrogen at rtp. 


Calculate the minimum mass of copper carbonate needed to produce 
1.44 dm? of carbon dioxide at rtp. 


amount of carbon dioxide = the Progression questions? 


From the balanced equation, 1 mol of CO, is made from 1 mol of CuCO, 


' 
' 
' 
' 
' 
i mass of NaCl = 0,080 x 58.5 = 4.68g (4.7g to 2 significant figures) 
' 
\ 
' 
f 
\ 
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How confidently can you answer | 
1 
1 
1 
1 
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1 
1 
' 
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1 
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1 
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So 0.060mol of CO, needs 1 x 0.060 = 0,060mol of Cuco, aac) yo ca urate nee 
volumes of gases involved in 
mass of CuCO, = 0.060 x 123.5 = 7.41g (7.4g to 2 significant figures) chemical reactions? 
Extend 
Hindenburg was the largest 
Silicon reacts with hot, concentrated sodium hydroxide solution to ever airship. Calculate the 
produce sodium silicate and hydrogen: mass of zinc that would 
. . be needed, when reacted 
SCRE See with excess sulfuric acid, to 
Calculate the minimum mass of silicon needed to produce 1000dm! of produce the 200000 m? of 
hydrogen at rtp. (2 marks) hydrogen it contained. 


Progr ions 


sion qu 
+ What are fertilisers? 

* What are the similarities and differences between making a fertiliser in a laboratory and in a factory? 
* How is the Haber process used in the manufacture of ammonium nitrate? 


Plants absorb water and mineral ions through their root hair celts. This 
gradually reduces the concentration of mineral ions in the soil. Plants may 
then not grow properly and may suffer from deficiency diseases, such as 
stunted shoots and discoloured leaves. 


Fertilisers replace the mineral ions needed by plants and so promote plant 
growth. Nitrogen, phosphorus and potassium (N, P and K) are important 
elements, but fertilisers must provide them as soluble compounds because 
root hair cells only absorb mineral ions that are dissolved in water. 


3 1 Explain why potassium nitrate, KNO,, and ammonium phosphate, 
(NH),PO,, are suitable compounds to use in fertilisers. 


Ammonium nitrate 


Nitrogenous fertilisers are a source of soluble nitrogen compounds. 
Ammonium nitrate is one such nitrogen-rich fertiliser. Ammonium nitrate is 
a salt manufactured by reacting ammonia solution with dilute nitric acid: 


AThe com cob on the left has been 
grown using a nitrogen-rich fertiliser, 


while the one on the right has not, ammonia + nitric acid -+ ammonium nitrate 


NH,(aq) + HNO,(aq)  —_NH,NO,(aq) 


The annual world production of ‘Ammonia is manufactured by the Haber process, in which nitrogen and 
ammonia by the Haber process is hydrogen react together in a reversible reaction (see SC12a Dynamic 
around 175 million tonnes (about | equilibrium). 

24kg per person per year). About 
85% of this is used to make 
nitrogenous fertilisers. 


Nitric acid is manufactured from ammonia in stages. Overall, the reaction 
may be represented as: 


ammonia + oxygen -> nitric acid + water 

2. State and explain the type 
of reaction involved in 

making: Ammonium sulfate 


a ammonium nitrate Ammonium sulfate is also a nitrogenous fertiliser. It is made in the 
laboratory by reacting ammonia solution with dilute sulfuric acid: 


NH(g) + 20,(¢) > HNO,(aq) + H,0(0 


b nitric acid. 


ammonia + sulfuric acid + ammonium sulfate 
2NH,(aq) + H,S0,(aq) > — (NH),SO,(aq) 


Preparing ammonium sulfate in the laboratory is very different from its 
industrial production. Table B shows some differences. 
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Fertilisers and the Haber process 


ee"5? 
«") 
a" 9 
art 


scale of production | small scale large scale 
starting materials ammonia solution and dilute sulfuric acid | raw materials for making ammonia and sulfuric acid 
stages titration (see SC8 Acids and Alkalis), then | several stages 

crystallisation 
type of process batch continuous 


B some features of making ammonium sulfate in the laboratory or industrially 


For the laboratory preparation of ammonium sulfate, ammonia solution and 
dilute sulfuric acid are bought from chemical manufacturers, For industrial 
production, these substances are often made on-site from their raw materials 
(see diagram ©). 


raw materials 


C flow chart for the industrial production of ammonium sulfate 


The laboratory preparation of ammonium sulfate is a batch process. A small 
amount is made, the apparatus is cleaned, and then another small amount 
is made. Industrial preparation is a continuous process, in which reactants 
are constantly fed into the reactors and products are removed, The process 
is stopped only rarely to maintain and clean the equipment. Batch processes 
are difficult to automate, However, continuous processes are usually 
automated, so they need fewer people to make a given amount of product. 


{FB S The rate at which each reactant is fed into the reactor in a 
continuous process must be carefully controlled, Suggest reasons 
that explain this. 


3 6 Describe two advantages of a continuous process compared to a 
batch process. 


Suggest reasons that explain why farmers may apply NPK fertilisers to 
their fields. (2 marks) 
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& 3 Use diagram C to name 
the raw materials needed 
to make sulfuric acid and 
ammonia in industry. 


"3 4 One of the stages in the 
manufacture of sulfuric 
acid is a reversible 
reaction. Sulfur dioxide, 
SO, reacts with oxygen 
from the air to produce 
sulfur trioxide, SO,. Write 
a balanced equation, 
including state symbols, 
for this reaction. 


How confidently can you answer 
the Progression questions? 


$1 How are nitrogenous fertilisers 
made in the laboratory? 

S2_How are nitrogenous fertilisers 
made on an industrial scale? 


E1 Compare the advantages and 
disadvantages of ammonia 
and ammonium sulfate as 
nitrogenous fertilisers. 


* BBHow is the time taken to reach equilibrium affected by changes in conditions? 
* [How are conditions chosen for industrial chemical reactions? 
+ [BJ How are reaction pathways chosen for industrial processes? 


Reversible reactions may reach equilibrium (see SC12a Dynamic equilibrium). 
This only happens when they are in a closed system, such as a stoppered 
flask, in which no substances can enter or leave. 


Ina dynamic equilibrium: 


+ the forward and backward reactions still happen, and at the same rate 
‘+ the concentrations of all reacting substances do not change. 


The position of a dynamic equilibrium, and how quickly equilibrium is 
reached, are affected by changes in conditions (see table B). 


ANitric acid is made using nitrogen 
monoxide, produced from nitrogen and _| temperature moves in the direction of |_| decreases 
‘aigigen in’an edotherntic reaction. increased the endothermic reaction 
Nitrogen monoxide is made during pressure increased | moves towards the side _| decreases 
thunderstorms because lightning causes | in a reaction ofthe belencedequation 
the very high temperatures needed to involving gases _| with the fewer molecules of 
move the equilibrium position in the reacting gas 
direction of the endothermic reaction, , 
concentration of a | moves away from the decreases 

3 1 Compare the effect of reacting substance | reacting substance in the 

catalysts on equilibria increased balanced equation 

peal am catalyst added —_| no change decreases 


pressure or concentration. _B effects of reaction conditions on dynamic equilibria 


Equilibria and industrial processes 

Chemical manufacturers must make a profit. They choose reaction conditions 

to produce an acceptable product yield in an acceptable time. This may mean 
Why might an industrial _that reactions are not allowed to reach equilibrium - it is not profitable to 
reaction not be allowed to —_achieve equilibrium if it takes years. In addition, choosing conditions that 
reach equilibrium? give a high rate of reaction is not worthwhile if they are too expensive. 


Inthe Haber process, nitrogen and hydrogen react together to produce ammonia: 
N,(g) + 3H,(g) @ 2NH,(g) 


There are fewer molecules of reacting gas on the right-hand side of the 
equation, As the pressure is increased, the position of equilibrium moves to 
the right. 


' High pressures increase the equilibrium yield of ammonia and increase the 33 3_Explain why the Haber 


| fate of reaction. The pressure chosen, 200 atmospheres, is a compromise process does not use very 
| because very high pressures are too expensive to maintain. high pressures or low 

' 

| The forward reaction is exothermic, so the backward reaction SERPS 

| is endothermic. As the temperature is increased, the position 

| of equilibrium moves to the left (in the direction of the 

' endothermic reaction). Low temperatures increase the 

| equilibrium yield of ammonia but reduce the rate of reaction, Stage 


! The temperature chosen, 450°C, is a compromise that gives an _| @™mmonia + oxygen w nitrogen monoxide + water 
| acceptable yield of ammonia in an acceptable time. 4NH,(g) + 50,(g) * 4NO(g) + 6H,O(g) 
(forward reaction is exothermic) 


| An iron catalyst is used because, although it does not change 
' the position of equilibrium, it does increase the rate of reaction. 
f 


| Choosing reaction pathways 

i There is usually more than one way to make a product. A 

| particular reaction pathway is chosen by taking into account 
y factors such as: 

| + availability and cost of raw materials and energy supplies 

| + the rate of reaction and the equilibrium position 


i 
' 

' 

' 

1 

1 

' 

‘ 

' 

' 

1 

' 

' 

' 

' 

' 

' 

' 

' 

1 

' 

' 

' 

' 

' 

' 

' 

1 

1 

' 

* atom economy, yield and usefulness of by-products (see C Flow chart for the industrial production of nitric ' 
SC14b Atom economy). acid using the Ostwald process. Stage lis carried out | 

' Inthe past nitric acid, HNO, was made using the Birkeland-Eyde  *ta"ound 220°C and 4 atmospheres of pressure with 4 
| process. This imitated the effect of lightning (photo A). the yleldotihitogen nitude seurdook Tie! 
' Ahigh-voltage electric arc was created between twoelectrodes. reactions are so exothermic that the gases must be! 
| Nitrogen and oxygen in the air reacted to form nitrogen colle. : 
! monoxide, NO. This further reacted with oxygen to form nitrogen ' 
| dioxide, NO,, which was then dissolved in water to form nitric : 
| acid, The process used huge amounts of electricity and the yield Howeonndénttycanyousnswer | ' 
' of nitrogen monoxide was only around 4%. Today, nitric acid is the Progression questions? ‘ 
made from ammonia using the Ostwald process (diagram C). H 

' 

' 

i 

' 

' 

' 

' 

f 

' 

1 

' 

' 

' 

' 

f 

' 

' 

' 

' 


hot platinum as the catalyst. Under these conditions, 


Ct] 4 Compare stages 2and 3 of the Ostwald process with the 


Birkeland-Eyde process for making nitric acid. $1 How does the time taken for 


' 

“i a reversible reaction to reach 
| $3 5 Compare and contrast stage 1of the Ostwald process with the equilibrium depend upon the 
! Birkeland-Eyde process. reaction conditions? 

f 

' 


S2 How are the reaction 
conditions chosen for 
industrial processes? 


£23 6 Explain the reaction conditions chosen for stage 1 of the Ostwald 
process. 


tage 2of the Ostwald process happens at about 50°C (see diagram C). E1 Evaluate the use of high 
State and explain what this shows about the rate of the reaction at stage 2. temperatures and pressures 
H L __@ marks) for industrial reactions. 


Progression questions 


‘+ Why do batteries go ‘flat’? 


‘+ What happens in a hydrogen-oxygen fuel cell? 
+ What are the strengths and weaknesses of fuel cells? 


A This lithium ion battery pack is being 
moved into position, ready to fit into an 
electric car. 


1 Suggest a reason that 
explains why the Daniell 
cell is described as a 
‘wet cell’ 


2 Explain what happens to 
the mass of each metal 
when a Daniell cell is in use. 


The everyday batteries used in mobile phones and torches are chemical 
cells. A simple chemical cell has these components: 


+ two different metals, each dipped into a solution of one of their salts 
+ a’salt bridge’ to allow dissolved ions to pass from one solution to the other. 


A voltage (potential difference) is produced between the two metals. In general, 
the further apart in the reactivity series the two metals are, the greater the 
voltage. A current flows if the cell is connected to an external circuit. Photo B 
shows a simple chemical cell, invented in 1836 by John Daniell (1790-1845). The 
salt bridge is filter paper soaked with concentrated potassium nitrate solution. 


copper 


zine. 


zinc sulfate 
solution 


copper sulfate 
solution 


B This Daniell cell is connected to a voltmeter, which measures its voltage. 
The overall reaction that happens in a Daniell cel is: 

zinc + copper sulfate + zinc sulfate + copper 

Zn(s)+ CuSO,(aq) -» ZnSO,(aq) + Cu(s) 


This is an exothermic reaction, but the energy is transferred mainly by 
electricity rather than by heating. When one of the reactants is used up, the 
reaction stops and a voltage is no longer produced, This is why household 
batteries go ‘flat’, and why electric cars need recharging after a journey. 


Most modern batteries are ‘dry cells’ containing various reactants. Their 
solutions are mixed with a powder to make a paste. 


Fuel cells 

Chemical cells store all their reactants, but fuel cells are supplied with fuel 
and oxygen from outside. No burning takes place inside fuel cells, just like in 
chemical cells. Fuel cells do not go ‘flat’ - they produce a voltage for as long 
as reactants are supplied. Hydrogen-oxygen fuel cells use hydrogen and 
‘oxygen, and water is the only product. Diagram C shows what happens. 
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for the overall reaction in a 
hydrogen-oxygen fuel cell. 


3° Write a balanced equation electric motor 


electrons flow through 
ee a ee 5 the external circuit, 

' 

1 
1 At the left-hand electrode, 1 - 
| hydrogen atoms lose electrons | hydrogen om 
' (Ox) 
{and form hydrogen ons: fuelin > Hy (ove) 
| 2H,(g) > 4H'(aq) + 4e ' 
' 1 
| Electrons flow through the external ' 
| Circuit to the positive electrode. ; 
' Hydrogen ions pass througha —! 
| membrane tothe right-hand | excess waste 
| electrode, where they gain | hydrogené= Hy) => product 
| electrons and react with oxygen: | out —= ‘out 
| 4H'(aq) + 4e°+.0,(g) > 2H,0(8) ; = 
' ' platinum electrode ~~ membrane platinum electrode 
{ o 4 Explain whether f (catalyses formation of (lets hydrogen (catalyses reaction of 
H hydrogen is oxidised | ‘hydrogen ions and ions pass but hydrogen ions with 
i selenatine 1 electrons from not electrons) electrons and oxygen 
} left-handelectrode. | hydrogen gas) Storr eaenh 


A hydrogen-oxygen fuel cell and electric motor are much quieter and need 
less maintenance than a petrol or diesel engine, but the hydrogen still needs 
to be stored in a tank. 


Hydrogen-oxygen fuel cells do not produce carbon dioxide (a greenhouse 
gas). However, most hydrogen is manufactured by the reaction of steam 
with coal or natural gas. These processes do release carbon dioxide as a 
by-product. 


3 5 Explain why a hydrogen-oxygen fuel cell car may cause the 
release of greenhouse gases. 


{3 6 n 2015, there were several thousand filling stations in the UK 
supplying petrol and diesel, but only four supplying hydrogen 
to the public. Explain why this limits the appeal of hydrogen- 
oxygen fuel cell cars, even though their range is similar to that of 
conventional cars. 


| Some fuel cells use ethanol, C,H,OH. When in use, all the carbon atoms 
| are converted to carbon dioxide. Write a balanced equation for the overall 
| reaction in an ethanol-oxygen fuel cell. (2 marks) 
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Ca hydrogen-oxygen fuel cell with an electric motor in the external circuit 


How confidently can you answer 
the Progression questions? 


$1 How are chemical reactions 
used to produce electricity? 

‘$2 What are the strengths 
and weaknesses of using a 


hydrogen-oxygen fuel cell to 
power a car's electric motor? 


E1 Suggest reasons that explain 
why hydrogen-oxygen fuel 
cells and solar cells are used 
to produce electricity for the 
International Space Station. 


Making a fertiliser 


Ammonium sulfate is useful as a fertiliser. Ammonium sulfate solution can be prepared in the laboratory using 
dilute ammonia solution and dilute sulfuric acid. 


Describe a titration experiment to prepare ammonium sulfate solution using 25.0 cm’ of dilute ammonia solution, 
then to produce pure, dry crystals from this solution, (6 marks) 


Clamp a burette vertically and fill it with dilute 

sulfuric acid. Run out enough acid to remove any 

air from the tip. Record the burette reading from 

the bottom of the meniscus. Use a pipette with a 

pipette filler to transfer 25.0 ent? of the ammonia 

solution, to a conical flask, and add a few drops of 

phenolphthalein indicator (1]. Place the conical flask [1] This is a good answer as it names a specific indicator 
on a white tile underneath the burette. (though methyl orange indicator would be a much better 


choice because itis more suited to titrations with strong 


Add acid from the burette, swirling the flask gently. acids and weak alkalis like ammonia solution). 
‘Add the acid drop by drop near the end-point until 
the indicator just changes from pink to colourless {2}. {2} This is an important step to obtain an accurate titre and 


Record the burette reading and calculate the titre 0 it is important to include it in the answer. The answer 

(end reading minus start reading). Add the titre could also describe washing the insides of the flask with 

volume of acid £0 25.0 om? of ammania solution, but _“stlled water near to the end-point. 

this time without the indicator (3). [3] It would be better to carry out the experiment more 
than once to obtain concordant results (identical or very 


Pour the mixture into an evaporating basin and heat 

aver a boiling water bath to produce a concentrated 

solution. Allow the solution ta cool and crystals to 

form. Remove the crystals and dry then in a warm. 

oven [4]. [4] The answer includes how to produce pure, dry crystals, 
from the ammonium sulfate solution ~a part of the answer 
that would be easy to forget to write. 


similar titres). 


This is a strong answer. It shows good knowledge and ‘Bamtp 
understanding of how to carry out a titration and how 


to use crystallisation to produce pure, dry crystals. The The specification contains a list 
answer describes the steps needed in a logical order. of practicals that you should have 

It gives practical details including the expected colour covered in lessons, Make sure you have 
change at the end-point of the titration, and apparatus revised the practicals and can name 
needed for safe working such as a pipette filler, the pieces of apparatus involved. 
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This light si 
biolumin t chemi 
lankton. Alme 


ving lighting systems tha Understand 
hemical reactions occur and the energy transfers involved is 
fundamental to understanding our material world and the processe 

life. This unit looks at some typical reactions of certain elements and 

eral ideas about hi controlled and used. 


Previously you will have learnt at KS3; 
+ about elements, compounds and the periodic table 

+ what happens during chemical reactions 

You will also have learnt in SC3 Atomic Structure, SC5 lonic Bonding 

and SC8 Acids and Alkali: 

+ about the nature of atoms and ions 

= how to write balanced chemical equations, including the state symbols, 


In this unit you will learn: 


+ about the properties and reactions of the elements in groups 1, 7 and 0 
+ how changes in conditions can affect the rates of reactions 
+ about the energy transfers that can occur during chemical reactions 


‘+ What are the main properties of alkali metals? 


* How do alkali metals react with water? 
* Why do alkali metals have different reactivities? 


alkali metals 


| 


iy 


[nal 


[«] 
[Re 


4_2———-main group numbers————+3 4 5 6 7 


noble gases The periodic table is arranged so that 
halogens elements in the same vertical column or 
group have similar chemical and physical 
properties, and show trends in those 
properties. 


The alkali metals, in group 1, have similar 
physical properties to other metals - they are 
all malleable and conduct electricity. However, 
they also have properties that are specific to 
this group. All alkali metals have relatively 
low melting points, are soft and easily cut. 
Alkali metals are also very reactive and 


A Groups 1,7 and 0 in the periodic table have special names. readily form compounds with non-metals. 


1 Whyare potassium 
and sodium placed in 
the same group of the 
periodic table? 


Describe two physical 
properties of alkali metals 
that make them different 
from other metals. 


3 Write word equations for 
the reactions of sodium 
with: 


a oxygen 


b water. 


Francium, discovered in 1939, was 
the last element to be discovered 


in nature. It is radioactive and 
extremely rare. Scientists think 
that only 20-30 of francium 
exists on Earth at any one time. 


All alkali metals are easily oxidised and burn brightly in air. For example, the 
reaction of potassium with oxygen can be shown as: 
4K(s) + 0g) > 2K,0(s) 
potassium + oxygen -> potassium oxide 
The reactions of three alkali metals with water are described in table B. 
In each reaction, a metal hydroxide (an alkali) and hydrogen gas are the 
products, The reactivity of the alkali metals increases down the group. 
2Li(s) + 2H,O(l) > 2LiOH(aq) = +H, (g) 
lithium + water — lithium hydroxide + hydrogen 


lithium bubbles fiercely 
+ water on the surface 


sodium | melts into a ball 
+water | and fizzes about 
the surface 


potassium | bursts into 
+water | flames and flies 
about the surface 


reactivity 


B reactions of alkali metals with water 


4 Caesium (Cs) is below potassium in the periodic table. Suggest 
how caesium might react with water. 
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To explain the trend in reactivity we need to look at the 
electronic configurations of alkali metal atoms. These atoms 
have one electron in their outer shells. When they react with 
non-metal atoms, the outer electrons are transferred from 
the metal to the non-metal, Diagram D shows an example. 
Each sodium atom loses its outer electron to form a positive 

2 7 sodium 
(1+) ion, and each oxygen atom gains two electrons toforma “Sag 
negative (2-) ion. 


GE} 5 raw diagrams, like the ones in diagram C, to show 
the electronic configurations of the sodium and 
oxide ions. 


‘As we go down group 1, the atoms get larger because an extra 


C dot and cross diagrams to show sodium reacting 


electron shell is added in each period. The force of attraction swith oajgen to fours stem ove Ne. C which 
between the positive nucleus and the negative outer electron contains Na’ and O* ions) . 


decreases as they become further apart. This explains the trend 
in reactivity of alkali metals, Sodium is more reactive than 
lithium because it is easier to remove the outer electron from a 
sodium atom. 


otassium 
2381 ge 


sodium 
2.8.1 
sa 
. x ) 
Lis tir+e Na —+ Na’ +e Kok +e 


DAs the distance between the outer electron and the nucleus increases, the alkali 
metals get more reactive, 


8 By referring to atomic structures, explain why potassium is more 
reactive than sodium. 


{3 9 Write an ionic equation for the reaction of potassium with 
water (hydroxide ion = OH’). 


| a Write a balanced equation for the reaction of potassium with water. 


(2 marks) 
b__ Explain why the reaction of caesium with water is not demonstrated 
| in school laboratories, (1 mark) 
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423 6 Why do alkali metals form 
an ion with a 1+ charge? 


2 7 a Whyare alkali metals 
stored under oil? 


3 b How will the reactivity 
of rubidium (Rb) 
compare to potassium 
and caesium? 


How confidently can you answer 
the Progression questions? 


$1 Name three alkali metals and 
describe their main physical 
and chemical properties. 


Ela Explain the difference 
in reactivity between 
rubidium and caesium. 
[Hl Write ionic equations 
for the reactions of 
rubidium and caesium 
with water, 


‘+ How do the physical properties of the halogens change, going down group 7? 


+ How can we test for chlorine gas? 


+ How do halogens react with metals and hydrogen? 


A the three most common halogens 


The name halogen comes from 
the Greek words hals, meaning 
‘salt’, and gen, meaning ‘to make’. 


So halogens make salts ~ not just 
table salt (sodium chloride) but a 
range of metal halides that have 
a variety of uses. 


2 2 Describe two ways that 
halogens are similar. 


3 Look at photo A and table B. 


a What do you think 
fluorine, at the top of 
group 7, will look like? 


GE} Estimate the melting 
point, boiling point and 
density of fluorine. 


Elements in group 7 of the periodic table are called the 
halogens. They all share similar properties and show a 
pattern in the way their properties change through the 
group. 


All halogens exist as diatomic molecules, with two 
atoms held together by a single covalent bond. They are 
all non-metallic elements, which are poor conductors of 
heat and electricity. Care has to be taken when handling. 
halogens, as they are all toxic and corrosive. 


1 What pattern is there in the depth of colour 
of the halogens? 


The physical properties of the three most common 
halogens are described in table B, As you go down the 
group the melting points, boiling points and densities 
‘increase. 


chlorine | -101 green gas 
[bromine | -7 | brown liquid 

iodine | 114 184 495 purple/black solid 
B halogen properties 


Most halogens react with metals and non-metals in a similar way. Halogens 
react with metals forming ionic compounds called salts, which contain 
halide ions (X"), For example: 


cg) + Mgis) > MgCl.(s) 
chlorine + magnesium - magnesium chloride 
Fg) + 2Na(s) > 2NaF(s) 
fluorine + sodium - sodium fluoride 


Halide salts have many uses. For example, common sodium halide salts 
include sodium chloride (table salt), sodium fluoride (found in many 
toothpastes), sodium bromide (used in a disinfectant for swimming pools) 
and sodium iodide (added to table salt to prevent iodine deficiency). 
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3 4 What ions are formed when sodium reacts with fluorine? 


3 5 a Name the product formed when calcium metal burns in fluorine. 


3 


b Write a balanced equation for the reaction (calcium ion = Ca). 


All halogens can be used as disinfectants and bleaches, as they can 

kill microorganisms and remove the colour from materials. Chlorine is 
commonly used in swimming pools and many types of bleach. The test for 
chlorine, shown in photo C, depends on this bleaching action. 


Halogens react with hydrogen to form hydrogen halides, which dissolve in 
water to form acidic solutions. For example, hydrogen and chlorine explode 
to form hydrogen chloride, which dissolves in water to make hydrochloric acid. 


Hg) + Cg) > 2HCI(g) 

hydrogen + chlorine + hydrogen chloride 
Hydrogen and chlorine Covalent bonds form 
molecules collide and between hydrogen and 
the covalent bonds chlorine atoms, making 
holding the atoms anew compound, 
together break. 


hydrogen chloride. 


Hyg) + Clg) 
hydrogen + chlorine 


2HC\(g) 
—> hydrogen chloride 


D making hydrochloric acid 


When hydrogen chloride 
dissolves in water the 
‘molecules break up into 
two ions, H’ and CI 


‘The formation of 
H" ions makes 
the solution acidic. 


Nv . 


dissolves in water to 
form hydrochloric acid 


7 In what state would each of the halogens in table B be at: 


qe a 50°C ib 1so°c? 
8 Write word equations for the reactions between: 
g a lithium and chlorine b hydrogen and fluorine, 
{23 9 Explain how hydrogen fluoride can form an acidic aqueous 


solution and name the acid. 


10 Write balanced equations for the reactions between: 


a sodium and iodine 


a Predict the state and appearance of astatine (At) 
b Explain your answer. 


b hydrogen and bromine. 


(1 mark) 
(1 mark) 
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Cif damp blue litmus paper is placed 
in chlorine gas, it frst turns red then 
bleaches white, 


6 Describe for chlorine: 
a two uses 


b a safety precaution for 
its use 


€ atest for the gas. 


How confidently can you answer 
the Progression questions? 


$1 Describe how the halogens 
chlorine, bromine and iodine 
are similar, and how they 
show trends in properties 
down their group. 


E1 Describe, using balanced 
equations where appropriate, 
how bromine can be 
converted into: 

a sodium bromide 
b hydrobromic acid. 


$C17c Halogen reactivity 


Specification reference: [IC0.4; C6.11; §HIC6.12; C6.13 


ression questions 


Ny 


* How can displacement reactions be used to work out the reactivity of halogens? 


+ How can we explain the reactivity of halogens? 


+ What happens to halogen atoms and halide ions during displacement? 


B2Fe+ 3, > 
iron + chlorine 


2FeCl 
iron(ltl) chloride 


chlorine gas. 


iodine 
forming 


polassium iodide 


C Chlorine displaces iodine from 
potassium iodide solution. 


Table A shows the order of reactivity of different halogens when heated with 
iron wool. In general the halogens become less reactive as you go down the 
group. 


Halogen Effect on iron wool 
| fuorine bursts into flames 
2 chlorine glows brightly 
$s bromine glows dull red 
=e iodine changes colour 


A halogens and heated iron wool 


1 Astatine, symbol At, is found below iodine in the halogen group. 
TP a Writea word equation for the reaction of astatine with iron wool. 
2 b Howwill this reaction compare with chlorine? Explain your answer. 


3 2 Write a balanced equation for the formation of magnesium iodide 
(Mgl,) from its elements. 


The order of reactivity of halogens can also be worked out using 
displacement reactions. In a displacement reaction, a more reactive 
element takes the place of a less reactive element in an ionic compound. 
So, a more reactive halogen displaces a less reactive halogen from a halide 
compound. For example, chlorine displaces bromine from sodium bromide 
in solution, but bromine cannot displace chlorine from sodium chloride. 


Claq) + = 2NaBr(aq) 2NaCl(aq) 
chlorine + sodium bromide — bromine + sodium chloride 


> Br,(aq) + 


3 Which of the following pairs of substances do not react? 
Explain your choice. 
a Br, +Licl b Cl, +Nal 


Write a balanced equation, with state symbols, for the reaction 
that occurs in photo C. 


& Gy 


What would be observed if bromine gas were bubbled through 
potassium iodide solution? 
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Halogen reactivity 


To explain the trend in reactivity iodine e 


we need to look at the electronic 28.18.1827 
configuration of the halogen once o 

atoms. e aie 

Group 7 atoms gain one electron 207_B 

when they react. Down the 

group, the distance between 

the outermost shell containing 

electrons and the nucleus 

increases, This means that the 


force of attraction between the Cite Cr Br+e— Br Iter 
Positive nucleus and an incoming D Going down group 7, the outermost electron shell gets further from the nucleus 
negative electron decreases, and so and the ions are less readily formed. 


the ions do not form so easily and 
the reactivity decreases, 8} © Explain why fluorine is the most reactive halogen and astatine is 


the least reactive halogen. 


| When a metal reacts with oxygen it 
| loses electrons and so we can define 

| oxidation as a ‘loss of electrons. 

' Reduction is the opposite and is a ‘gain 
| of electrons’. Use the mnemonic ‘OILRIG’ 
| to remember that ‘Oxidation Is Loss, 

| Reduction Is Gain’ These two processes 
| occur at the same time in displacement a 
' reactions, which makes them examples of reduction oxidation 

| reduction-oxidation or redox reactions. (gain of electrons) oss of electrons) 


es ‘ E Fluorine gains electrons more readily than chlorine. It displaces chlorine 
| purine atoms on cord ree from chloride ions: F,(g) + 2CF(aq) » 2F(aq) + Clie) 

| As the fluorine atoms are reduced, by 4 
| gaining electrons, the chloride ions are 

| oxidised, by losing electrons. 


How confidently can you answer 
the Progression questions? 


‘ 
' 
' 
' 
' 
‘ 
' 
y Pe) b Identify the substances that are oxidised and reduced inthe ' ‘Strengthen 
reaction below. Explain your choice. t 
' 
' 
1 
: 
1 


' 
1 ° 7a What happens in all redox reactions? 
\ 


f 

' $1 Design a summary table or 
2N Bi 2NaBi 

la(s) + Br,(g) + 2NaBr(s) diagram to describe and 

explain the trend in reactivity 


i FG] 8 Write an ionic equation with state symbols for the reaction that 
of the halogens. 


' occurs in question 5. 


ea a cistecemen 


| Compare the trends in melting point and reactivity of group 1 and group reaction to explain what is 
| Telements. (3 marks) meant by ‘redox reactions’ 
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The noble gases have a variety of uses because of their unique properties. 


Krypton is used in photography 
lighting. It produces a brilliant 
white light when electricity is 
passed through it. 


Argon is denser than air. It is added 
to the space above the wine in wine 
barrels to stop oxygen in the air 
reacting with the wine. 


Helium has a very low density and 
is non-flammable, so it is used in 
weather balloons and airships. 


Neon produces a distinctive red- 
orange light when electricity is 
passed through it. This property 
makes it useful for making long- 
lasting illuminated signs. 


D helium-filled balloons 


To explain why noble gases are unreactive, we need to look at their 
electronic configurations. Diagram F shows that all noble gases have a 
complete outer shell of electrons. It has been shown that, when atoms 
form bonds, they can become more stable. They do this by gaining, losing 
or sharing electrons to get an electronic configuration like a noble gas. 

So noble gases are unreactive because their atoms already have a stable 
electronic configuration with a complete outer shell. 


neon 288 
helium = 28 


F Noble gases do not react as they already have 
a complete outer shell of electrons. 


2 7 Explain why argon is very unreactive while potassium, with one 
more electron, is very reactive. 


Neon is a colourless inert gas. 
a Describe what the term inert tells you about neon, (1 mark) 


b Explain why neon exists as single atoms. (2 marks) 
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Helium atoms are continually 
being produced by radioactive 
decay in certain rocks. However, 
the atoms are so light that most 
of them escape into space as the 

| Earth's gravity cannot hold them 


pclae tect | 


Eaneon-filled advertising sign 


Gc] 6 a Explain how the 
properties of helium 
gas make it useful for 
weather balloons. 


b Explain why argon 
can be used in fire 
extinguishers. 


How confidently can you answer 
the Progression questions? 


$1 Explain how the electronic 
configuration of noble gases 
affects their properties. 


E1 The noble gas radon 
is radioactive. Use the 
information on these two 
pages to predict other 
properties of radon. 


ion: 


Progression que: 


‘+ What changes can occur as a reaction proceeds? 
+ How can we investigate rates of reaction? 


* How are graphs used to show rates of reaction? 


‘A The combustion of the wood is a faster reaction than the baking of the pizzas. 


£3 1 Describe one example of a 
very fast and a very slow 
chemical reaction. 


Japanese scientists have 
developed a camera to observe 
extremely fast reactions, 

The camera records 4.4 trillion 
frames per second. A good 
smartphone would need over 
1000 years to record as many 
frames as this camera records in 
the blink of an eye. 


3 2 What happens to the 
concentration of reactants 
and products during a 
reaction? 


Why do most reactions 
slow down in time? 


New substances are always formed 
in chemical reactions. The rate of 
a reaction is the speed at which 
reactants are turned into products. 
Rates vary greatly, from very slow 
(eg. the rusting of iron) to almost 
instantaneous (e.g, explosions, 
precipitation reactions). However, 
‘we can control rates of reaction 

by altering variables, such as the 
concentration of solutions and the 
size of pieces of solid reactant. 


To investigate reaction rates, we need to be able to measure how the 
amount of reactants or products changes with time. Graph B shows how the 
concentrations change during a reaction. The gradient (slope) of the graph 
indicates the rate: the steeper the graph, the faster the reaction. Reaction 
rates are usually fastest at the start because that is when the concentration 
of the reactants is greatest. 


products 


slows down 
t feection 
= ‘stops 
g 
H 
§ 
8 
starts quickly 
reactants 


Time (s) 


B Reactions are usually fastest at the start. 


We can also monitor rates by measuring changes in the mass or volume of 
reactants or products. 


In the reaction between magnesium and sulfuric acid, shown in diagram C, we 
can follow the reaction by measuring the volume of hydrogen gas produced. 


Mg(s) + H,SO, (aq) > MgSO, (aq) + H,(g) 
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Rates of reaction 


The results show the difference between using magnesium ribbon and 4 a What piece of 
magnesium granules, The graph for the granules is steeper and levels off apparatus can be used 
more quickly. This shows that the granules, which are smaller pieces of solid to measure gas volumes 
than the ribbon, react more quickly. accurately? 


2 b Explain why measuring 
gas volume can be used 


a. The magnesium to monitor the rates of 
= granules react faster. some reactions. 
g How does the graph in 
3 diagram C show that 
, ‘magnesium granules react 
a aielaaaas & faster than ribbon? 
ut 
(granuies or ribbon) 


Time (s) 


Cin this experiment only the size of the pieces of magnesium is changed. All other 
variables are kept constant. 


In the reaction between marble (calcium carbonate) and hydrochloric acid, 
shown in diagram D, we can follow the rate by measuring the change in 
mass. The mass decreases as carbon dioxide gas escapes from the flask. 


CaCO,(s) + 2HCI(aq) > CaCl (aq) + H,0(0 + CO,(g) 
How confidently can you answer 
6 Calcium carbonate is left the Progression questions? 


shown in diagram D. 
23 a Which reactant has Se Meee ery 


i been used up? diagram. 
a What is being measured 
“3 b Howdo you know in this experiment? 
pest sereeron B b> What happens to the 
plete? concentration of the acid 
€E} ¢ Sketch a graph to show as the reaction proceeds? 
how the mass of the ¢ What other change could 
flask will change as the be measured to follow 
reaction proceeds. D As the reaction proceeds, the mass of this reaction? 
the flask and contents will decrease. (Extend 
Why would it be difficult to measure the reaction rate for the E1 Describe, including diagrams, 
rusting of iron? how you could use a gas 
syringe to investigate 
EE i crstrcsnctnera 
temperature and the rate 
| When copper carbonate reacts with sulfuric acid, carbon dioxide gas is of the reaction between 
formed. Explain how an electronic balance could be used to investigate magnesium and hydrochloric 
the rate of this reaction. (2 marks) acid. 
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SC18b Factors affecting reaction rates 


Specification reference: C7.3; C7.4 


+ What has to happen for two particles to react? 
+ How does the speed of particles affect the rate of reaction? 


+ Why do changes in temperature, concentration, surface area and pressure affect rates of reaction? 


A The faster-moving hydrogen and chlorine molecules have more energy, and are 


more likely to react. 


For chemical reactions to occur 
the reactant particles must collide 
or ‘bump’ together with enough 
energy to react. The minimum 
amount of energy needed for 
a reaction to occur is called 
its activation energy. During 
successful collisions, this energy 
re) helps to break bonds, so that the 
Se atoms can be rearranged to make 
if new substances (the products of 
the reaction). 


GE} 1 What two things must 
happen before hydrogen 
and chlorine can react? 


When methane and air are mixed 
the molecules collide, but no 
reaction occurs until a spark or 
flame provides the activation 
energy needed. The reaction 
then keeps going because the 
reaction releases energy, which 
then provides the activation 
energy needed. Reactions which 
release energy are described as 


B The natural methane leaking out of these rocks has been burning for decades, exothermic changes. 


having been set alight by lightning 


423 2 Why does a Bunsen burner 
not light as soon as you 
turn on the gas? 


SE} 3 Whatis the activation 
energy of a reaction? 


EB 4 State two changes that 
would make the reaction 
in diagram A slower. 


‘A few chemical reactions need to take in energy to occur. These reactions, 
called endothermic changes, will not keep going unless energy is 
continually supplied, For example, the electrolysis of copper chloride needs 
a continuous supply of electrical energy. 


in general, reaction rates are increased when the energy of the collisions is 
increased, and when the frequency is increased (the number of collisions 
ina certain amount of time). More collisions occur if the particles are closer 
together or moving faster. The particles in any substance have a range of 
energies, but only those with enough energy can react. More collisions will 
be successful if more of the particles have the activation energy required 
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Concentration and 
reaction rate 

Change: Increasing the 
concentration of solutions 
increases the rate of reaction. 


Explanation: There are more 
reacting particles in the same 
volume so collisions occur more 
often. 


ois oo" g%° 
> raeo 

low higher 
concentration concentration 


g 


Pressure of gases and 
reaction rate 

Change: Increasing the pressure of 
gases increases the rate of reaction. 


Explanation: The reactant particles 
are squeezed closer together so 
collisions occur more often, 


lower pressure 
— 


higher pressure 


Surface area and reaction rate 
Change: Increasing the surface 
area to volume ratio, by 
decreasing the size of solid 
pieces while keeping the total 
volume of solid the same, 
increases the rate of the reaction. 


Explanation: There is more surface 
for collisions to occur on, 50 
collisions occur more often. 


large lump 
of solid 


‘smaller pieces 
of solid 


Temperature and 
reaction rate 


Change: Increasing the temperature 
_ increases the rate of reaction. 


Explanation: The reactant 
particles speed up and have more 
"energy. They therefore collide 
more often and more particles 


have enough energy to react 
| when they collide. 


7 Suggest a reason why reactions between gases are often slower 


than reactions between liquids at the same temperature. 


Explain why acid reacts faster with powdered chalk than with lumps of 


chalk 


(3 marks) 
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a Which of the following 
burns most quickly in 
air: wood chips, wood 
dust or wood shavings? 


£5} —_b Explain your answer to 
part a. 


° ¢ Explain how using pure 
oxygen instead of air 
would affect the rate of 
burning. 


6 The reaction between 
hydrogen (H.) and chlorine 
(Cl, gases produces 
hydrogen chloride (HCI) 
gas. For this reaction: 


S23 a write a balanced 
chemical equation, with 
state symbols 


> b explain how and why 
decreasing the gas 
pressures affects the rate 


Ct] ¢ explain how and 
why increasing the 
temperature affects the 
rate, 


Checkpoint 


How confidently can you answer 
the Progression questions? 


Strengthen 


$1 Use ideas about collisions and 
energy to explain how the rate 
of a reaction can be increased 
by changes in concentration, 
temperature and the size of 
pieces of a solid reactant. 

Extend 

E1 Explain four ways in which the 
rate of reaction between iron 


lumps and oxygen from the 
air can be increased. 


Investigate the effects of changing the conditions of a reaction on the rates of chemical reactions. 


The progress of a chemical reaction can be measured by how the amounts of 
reactant or product change with time, or by the time taken for the reaction 
to reach a certain point. 


You are going to investigate the reaction between hydrochloric acid and 
marble chips (calcium carbonate) and how the surface area of the marble 
chips affects the rate. You will monitor the progress of the reaction by 
measuring the volume of carbon dioxide produced. 


Wear eye protection. 


‘A. Set up the apparatus as shown in diagram A. 


rat B_ Measure 40cm’ of dilute hydrochloric acid into a conical flask. 
(C Add 5g of small marble chips to the flask. 
sce D_ Immediately stopper the flask and start the stop clock. 
water 
— 


a Note the total volume of gas produced after every 30 seconds until 
marble dilute hydrochloric the reaction has finished. 


chips acid 
F Repeat the experiment using 5g of larger marble chips. 


A investigating volumes of gas produced 


You are going to investigate the effect of temperature on the rate of 
reaction between sodium thiosulfate and hydrochloric acid. You will monitor 
the progress of the reaction by observing a colour change (as shown in 
photo B). 


Wear eye protection. 


G Place 50cm” of sodium thiosulfate solution into a 300cm’ conical flask. 

HH Measure out 5cm* of dilute hydrochloric acid in a test tube. 

1 Clamp the conical flask in place in a water bath at a certain 
temperature, Place the test tube in a rack in the same water bath. 

B We can follow the rate of the reaction Record this temperature. 


between sodium thiosulfate and J After 5 minutes, remove the flask and place it on a piece of white 
hydrochloric acid by measuring the pasecmatiedncha ox. 


time taken for a cross’ drawn beneath = 
iitardection Dawiar 6s dikappaw K Add the acid to the thiosulfate and start the stop clock. 
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Core practical - Investigating reaction rates 


LL Looking down from above, stop the clock when the cross disappears. 
M_ Note this time and take the final temperature of the mixture. 
N_ Repeat at three or four other temperatures, between 20 and 50°C. 
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Look at Method 1, 
1 Write a word equation and a balanced symbol equation for this 
reaction, (4 marks) 
2 a State the dependent and independent variables in this 
investigation. (2 marks) 
b State two control variables. (2 marks) 
3 a State why you must immediately stopper the flask in step D. 
(1 mark) 
b State the apparatus you would use to measure the mass of the 
marble chips. (mark) |g 
4% Look at graph C. g 40 
a State when the reaction is complete. Explain your answer.(2 marks) | °F ao, 
b Sketch graph C and add a curve that would be produced by fe 26 
smaller marble chips. @mars)| 38 
© Use graph C to calculate the average reaction rate in cm?/min 38 4 
between 45 and 105 seconds. Show your working. (2 marks) 3 
d_ Describe how you would use a tangent line to estimate the one ea 
feaction rate in cm’/min at 100 seconds. @ marks) . 
C volume of gas collected in the reaction 
5 Describe how you would modify Method 1 to investigate the effect between hydrochloric acid and marble 
of temperature on the rate of this reaction. chips 
6 State one further variable that would effect the rate of this 
reaction. (1 mark) 
Look at Method 2. 
7 State why the investigation would be improved by measuring the initial 
temperature of the reaction mixture (just after the acid is added) and 
then measuring the final temperature (when the reaction is finished). 
(2 marks) 
8 Some results from the experiment in method 2 are shown in table D. 
a State why the cross disappears. (1 mark) 
b Sketch a graph of the results (no graph paper required) with 20 165 
temperature on the horizontal axis. (3 marks) 30 a1 
¢ Explain what these results tell us about the effect of 
temperature on the rate of this reaction, (2marks) | 40 bad 
d__ Describe one way of improving the results obtained from this 50 21 
investigation. (mark) | 5 


‘Specification reference: C7.6; C7.7; C7.8 


Progression questions 


+ What is a catalyst? 
+ How do catalysts work? 


+ What are enzymes used for? 


Catalysts are substances that 
speed up chemical reactions 
without being permanently 
changed themselves and without 
altering the products of the 
reaction. Photo A shows the effect 
of a catalyst (manganese dioxide) 
on the decomposition of hydrogen 
peroxide. 


A The catalyst is not used up. So, if 1 g of manganese dioxide is added at the start, 


then 1g will be recovered at the end, 


1 Explain how catalysts 
reduce the costs in 
industrial processes. 


+3 2 Platinumis avery 
expensive catalyst. Why 
might this not matter? 


©} 3 How could you show that 
the manganese dioxide in 
photo A was not used up? 


Many washing powders contain 
biological catalysts called 
enzymes to help break down 
different types of stains: 
proteases break down proteins 
like blood and egg, amylases 
break down starches and lipases 
break down fats and grease 


Catalysts are often used in industry. For example, platinum is used as a 
catalyst in the manufacture of nitric acid from ammonia. These catalysts make 
industrial processes more profitable, by making products more quickly, and by 
allowing reactions to occur at lower temperatures, which saves costs, Catalysts 
also do not usually need to be replaced because they are not used up. 


We can think about catalysts by using an analogy. In diagram B, the starting 
point and the finishing point are the same for all cars. However, those 
following the scenic route need more energy at the start to get over the hill 
So, in terms of energy, most cars will use the road through the tunnel, which 
is the easier route. 


B Not all cars have enough energy to go over the hil. 


Like the tunnel, a catalyst provides an alternative reaction route, which 
requires less activation energy. Reaction profiles like graph C can be used 
to show the energy changes for a catalysed and an uncatalysed exothermic 
reaction. The catalyst does not alter the overall energy change. However, 
since less energy is needed to start the reaction, more reactant molecules 
have enough energy and so more collisions are successful. This means that 
the reaction is faster. 
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423 4 Explain whether a reaction with a high 
or low activation energy would be faster. 
£63 5 In terms of energy changes, what is the 
same for catalysed and uncatalysed 
reactions? 


In catalytic converters in car exhausts (shown 
in diagram D) the catalysts are platinum and 
palladium. Their presence lowers the activation 
energy needed to convert harmful gases into 
harmless gases. The metals used are expensive but 
don’t need to be replaced as they are not used up. 


6 Explain why the iron catalyst used in 
the manufacture of ammonia: 


3 a is in the form of small lumps 
oo) 
Enzymes are large complex protein molecules 
that act as catalysts in biological reactions. Each 
enzyme molecule has a part with a specific shape 
called the active site. The reactant molecules 
(substrates) fit the shape of the active site, a bit 
like a ‘lock and key’ So each enzyme only fits one 
substrate and only catalyses one specific reaction. 
Enzymes are sensitive to changes in temperature 
and pH as these can denature their molecules 
(make them change shape) so they will not work. 


b does not need to be replaced often. 


_- without catalyst 


activation energies 


Energy —+ 


overall energy change 
during the reaction 


energy of products 


Progress of reaction —» 


C This reaction profile shows that a catalyst lowers the activation 
energy. 


harmless gases out: 
nitrogen, water and 
‘carbon dioxide 


harmful gases in: 
nitrogen oxides, 

hydrocarbons and 
carbon monoxide 


D The honeycomb structure gives the catalyst a large surface area. 


Enzymes are essential in living things and many industries, For example, 
alcoholic drinks are produced using an enzyme in yeast. This enzyme 
catalyses the reaction in which glucose is converted into ethanol (alcohol) 
and carbon dioxide. 


oo) 7 a Give an example of an enzyme and the reaction it catalyses. 


° 


b Why will the enzyme not catalyse other reactions? 


8 Explain why heating a reaction involving a catalyst will usually make it 
faster but heating an enzyme-catalysed reaction can make it slower. 


| Explain how the following speed up chemical reactions by increasing the 
frequency of successful collisions. 

(2 marks) 
(2 marks) 


| a using a catalyst 
|b increasing the temperature 
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How confidently can you answer 
the Progression questions? 


$1 Explain, in terms of activation 
energy, how catalysts and 
enzymes work and why 
they are useful in industrial 
chemical reactions. 


1 Compare and contrast 
chemical catalysts and 
biological catalysts. 


$C19a Exothermic and endothermic reactions 


Specification reference: C7.9; C7.10; C7.11 


Progression questions . 


+ What are exothermic and endothermic reactions? 
+ What are some examples of exothermic and endothermic reactions? 


* How 


an heat changes in solution be investigated? 


Energy is transferred between the surroundings and the reactants during 
chemical reactions. Energy is most often transferred by heating. Chemical 
reactions can be described as: 


+ exothermic - energy is transferred from stores of energy in chemical 
bonds to the surroundings. 


+ endothermic - energy is transferred from the surroundings to stores of 
energy in chemical bonds. 


A This self-heating can uses an 
exothermic reaction between sodium 
hydroxide pellets and water. 


4&3 1 Explain why combustion 
reactions are described as 
being exothermic. 


exothermic reaction 


4 

reactants 

5 energy 

5 given out 

= products — 

> B Combustion reactions are exothermic. 
Progress of reaction 
? You can use a reaction profile to model the energy change during a chemical 
endothermic reaction reaction. In these diagrams, energy stored in bonds is represented as a 
t products horizontal line. The greater the energy stored, the higher the line. 

3 Po] 2 Explain how you can tell from its reaction profile whether a 

5 on reaction is exothermic or endothermic. 

2 | wescure $923 3. Sherbet sweets contain citric acid and sodium hydrogen 
carbonate, These react together to produce sodium citrate, water 
and carbon dioxide. The reaction makes your mouth feel cold. 

Progress of reaction Draw a reaction profile for this reaction, labelling each horizontal 

C simple reaction profiles line with the names of the substances involved. 
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Exothermic and 


Temperature changes during reactions 

During a chemical reaction, energy is transferred between the reacting 
substances and their surroundings. This is usually by heating, particularly 
if a reaction takes place in solution. The stored thermal (heat) energy in 
the solution increases during an exothermic reaction, and it decreases 
during an endothermic reaction. This means you can determine whether a 
reaction in solution is exothermic or endothermic: 


* the temperature increases in an exothermic reaction 
= the temperature decreases in an endothermic reaction. 


Diagram D shows a simple apparatus for these investigations. 


4 Explain why a lid and a polystyrene cup are used when 
investigating temperature changes in solution. 


In precipitation reactions, an insoluble product forms from two solutions. 
For example: 


AgNO, (aq) + NaCl(aq) NaNO, (aq) + AgCl(s) 


Precipitation reactions can be exothermic or endothermic, depending 
on the substances involved. However, two types of reactions are always 
exothermic: 


+ neutralisation, the reaction between an acid and a base 

+ displacement, the reaction between a metal and a compound of a less 
reactive metal, or between a halogen and a compound of a less reactive 
halogen. 

When a salt dissolves in water, the change is exothermic or endothermic, 


depending on the salt. The temperature increases as calcium chloride 
dissolves, but it decreases when ammonium chloride dissolves. 


@23 5 Explain the temperature change you would expect when sodium 
hydroxide dissolves in water. 


| Sodium carbonate solution reacts with calcium chloride solution. A 
precipitate of calcium carbonate forms. A student carries out an experiment 
to measure the temperature change in this reaction. These are her results: 


| temperature of reactants = 21°C 

| final temperature of mixture = 12°C 

| Explain what this shows about the type of energy change that happens. 
(2 marks) 
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D The air trapped between the beaker 
and the cup reduces energy transfers by 
heating, to and from the surroundings. 


How confidently can you answer 
the Progression questions? 


‘$1 How can you work out 
whether a reaction in 
solution is exothermic or 
endothermic? 


£1 The temperature changes 
in displacement reactions 
between metals and solutions 
of metal compounds can be 
used to determine a reactivity 
series. Explain which variables 
should be controlled to 
obtain valid results. 


Prog n question 


* How can exothermic and endothermic reactions be explained in terms of bonds? 


* How are exothermic and endothermic reactions modelled? 


* BBB How are energy changes in reactions calculated? 


A These bikes are fuelled with pure methanol. 


exothermic reaction 


a 
\\} activation 

A reactants energy 

s ‘overall 

3 energy 

= la products 


Reactions happen when reactant 
particles collide with each other 
with sufficient energy. The 
activation energy is the minimum 
amount of energy needed by 
colliding particles for a reaction 

to happen. Precipitation and 
neutralisation reactions have low 
activation energies, and start as, 
soon as the reactants are mixed. 
Combustion reactions have higher 
activation energies. 


1 Explain why methanol 
endothermic reaction needs a flame to start it 
burning. 


You can model activation energy 
ina reaction profile by drawing a 
‘overall ‘hump’ between the reactants and 
energy change products lines, Some reactions, such 
e ‘as combustion, have high activation 
energies and need energy froma 


products 


activation 
energy 


Heat energy 


reactants 


Progress of reaction 


PiSacess cneacne sparkor flame to start. 


B The activation energy is the difference in energy between the reactants and the 


top of the ‘hump’ 


423 2 Describe how the 
activation energy of a 
reaction is modelled ona 
reaction profile. 


Explain, in terms of 
bond breaking and 

bond making, why the 
combustion of methanol 
is an exothermic reaction. 


Breaking and making bonds 
During a chemical reaction, bonds in the reactants break and new bonds are 
made to form the products: 


* energy is transferred to the reactants to break their bonds, so breaking 
bonds is endothermic 

+ energy is transferred to the surroundings as bonds form, so making bonds 
is exothermic. 


A reaction is exothermic if more energy is given out making bonds than is 
needed to break bonds. A reaction is endothermic if less energy is given out 
making bonds than is needed to break bonds. 
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1 Amole of something is 6,02 10” of them (see SC9c Moles).The energy 

i needed to break one mole of a particular covalent bond is its bond 

| energy, measured in kilojoules per mole (kJ/mol or kJ mol). For example, 
| the bond energy of a C-O bond is 358kj mol". This means that 358k) 

| must be taken in to break one mole of C-O bonds, and 358 kj is given out 

| when one mole of C-O bonds is made. Table C shows some bond energies. 


| You can use bond energies to calculate the energy change ina reaction, as 
shown in the worked example below. 


Methane burns completely in oxygen to form carbon dioxide and water: 


H 

wt + 2(0—=0)—+0=c=0 + 2(4-°Ny) 
H 

D 

Calculate the energy change during this reaction. 

Step 1 Calculate energy in (bonds broken) 


4% (CH) =4x 413 = 1652 kj mol 
2x (0-0) =2%498 — =996K) mol! 
Total in =1652+996 =2648 k) mol” 
Step 2 Calculate energy out (bonds made) 
2x (C-0) =2*805 = 1610kj) mol’! 
4x (0-H) =4%464 = 1856 kj mol? 
Total out = 1610 + 1856 = 3466 k) mol 


Step 3 Energy change = energy in - energy out 
= 2648 - 3466 = -818 kj mol 


The negative sign shows that the reaction is exothermic (endothermic 
reactions have a positive sign). 


SE} 4 Calculate the energy change when hydrogen reacts with oxygen: 
2(H-H) + 0=0 — 2(H-O-H) 


' 
1 
1 
' 
1 
1 
1 
1 
1 
' 
1 
' 
1 
' 
1 
' 
1 
1 
1 
' 
1 
1 
' 
' 
1 
1 
' 


| Explain, in terms of the energy involved in the breaking and making of 
bonds, why some reactions are endothermic. (2 marks) 
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co 358 
CH 413 
H-H 436 
O-H 464 
0=0 498 
GO 805 


Ca selection of bond energies 


The strength of a given 
covalent bond differs between 
substances, and even between 
different places in the same 
molecule, so tables usually 
show mean bond energies. 


How confidently can you answer 
the Progression questions? 


‘$1 What happens in exothermic 
and endothermic reactions 
when bonds are broken and 
made? 

‘$2 What information do reaction 
profiles give us? 


E1 Calculate the energy change 
when methanol undergoes 
complete combustion: 

CHOH + 140, - CO, + 2H,0 


Rates of reaction 


Dilute hydrochloric acid reacts with solid calcium carbonate. A student carries out two experiments involving this 
reaction. She uses the same concentration of hydrochloric acid and the same mass of calcium carbonate each time. 
The table shows her results. 


calcium carbonate lumps powder 
temperature ofacid (0) 22 45 
Teaction time (s) 225 25 


Evaluate the student's results, explaining any difference in the rate of reaction between the two experiments in 
terms of particles. (6 marks) 


I think the data shows that the reaction in experiment 2 is nine 
times faster than the same reaction in experiment 1 [1], The greater [1] The reaction times given in the table 


rate of reaction in experiment 2 is for two reasons. Firstly, the are used to make a conclusion about the 
particles in the powder have a greater surface area (2| than the rates of reaction. 

particles in the lumps used in experiment 1. This means that more [2] An accurate answer should refer to 
particles are exposed to the acid and there are more frequent collisions the surface area to volume ratio of the 
between reactant particles (3], 60 the rate of reaction is greater. particles, not just to their surface area. 


: ame , [3) The answer should refer to successful 
The increased vate of reaction is also due to the increased temperature collisions (as it does later), not just to 


of the acid. The reactant particles in experiment 2 have more energy collisions, 
than those in experiment 1. 50, a greater proportion of them have the 

activation energy or more. This means that the frequency of successful 

collisions is greater, causing a greater vate of reaction, 


It would have been better to vary the size of the particles and the [4] The answer finishes by looking at the 
temperature separately, but the data clearly shows that the vate of data and the experiment, and evaluating 
reaction in experiment 1 is greater than in experiment 2 (4). how strong the conclusion is. 


This is a strong answer. It comes to a clear conclusion about the ‘Bamtip 
data. The answer uses scientific knowledge to link the greater 
rate of reaction in experiment 2 to the energy and frequency of When you are asked to evaluate 
particle collisions. data, you must use it to form 
a conclusion. This may include 
interpreting and explaining the 
information, or considering its 
strengths and weaknesses. 


Crude oil and natural gas are mostly used to provide fuels. However, 
burning oil and natural gas produces carbon dioxide, which is thought to 
be changing our atmosphere and climate. The photo shows a jet fighter, in 
which the fuel is kerosene (one of the ‘fractions’ that crude oil can be split 
into). The long flame is caused by its afterburner, Extra fuel is injected into 
the hot exhaust gases, producing additional thrust. 


Crude oil also gives us the raw materials needed to make a huge range 
of products, including polymers such as polythene. Crude oil is, though, 
a finite resource and the substances we make from it are non-renewable. 
They will run out one day if we continue to use them. 


Previously you will have learnt at KS3: 
* that mixtures may be separated using fractional distillation 
+ about fuels and energy resources 

* about the acidity of non-metal oxides 


* about the production of carbon dioxide by human activity and the 
‘impact on climate. 


In this unit you will learn: 
* about the hydrocarbons found in crude oil and natural gas 
how crude oil is separated into useful fractions 
about the alkanes as an homologous series 
about the problems caused by some atmospheric pollutants 
how and why cracking of oil fractions is carried out 
about the advantages and disadvantages of different fuels for cars 


about how the Earth’s atmosphere has changed in the past and how it 
is changing now 


more about the causes and effects of climate change. 


$C20a Hydrocarbons in crude oil and natural gas 


Specification reference; C8.1; C8.2; C8.15 


| Progression questions 


+ What are hydrocarbons? 
+ Why is crude oil so useful? 
+ Why is crude oil a non-renewable, finite resource? 


A Hydraulic fracturing or ‘fracking’ is one way to obtain fossil fuels 
A mixture of water, sand and other substances is injected into 
underground rock at high pressure. Natural gas or crude oil flows 
from cracks in the rocks to the well head at the surface. 


33 1 Explain why natural gas 
and crude oil are finite 
resources, 


methane, CH, ethane, CH, 


methylbutane, CsH;2 


Natural gas and crude oil are natural resources 
formed from the ancient remains of microscopic 
animals and plants that once lived in the sea. These 
remains became covered by layers of sediment. Over 
millions of years, the remains gradually turned into 
natural gas and crude oil. The sediments turned 

into rock, trapping the gas and oil. These resources 
are finite resources because they are not made any 
more (or are being made extremely stowly), which 
limits the amounts available to us. 


Crude oil 


Crude oil is a complex mixture of hydrocarbons. 

A hydrocarbon is a compound that contains hydrogen 
and carbon atoms only. Carbon atoms can each 

form four covalent bonds, so the carbon atoms in 
hydrocarbon molecules are able to join together in 
different ways, forming chains and rings. The number 
of carbon atoms in a hydrocarbon molecule can vary 
from just one carbon atom to many hundreds of them. 


@ 90 SOC 9006 


propane, C:Hs butane, CxHyo 


cyclohexane, CeHy2 


B These ball and stick models show some hydrocarbon molecules. The black spheres 


33 


2 Explain what is meant by 
the term hydrocarbon. 


Explain why carbon atoms 
can be arranged in chains 


or rings. the liquid state. 


represent carbon atoms, 
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Hydrocarbons exist in different physical states, depending on the size and 
complexity of their molecules. Crude oil itself is liquid at room temperature, 
with hydrocarbons in the solid and gas states mixed with hydrocarbons in 


Hydrocarbons in crude oil 


Crude oil is an important source of useful substances, including 


* fuels for vehicles, aircraft, ships, heating and power stations 
+ feedstock or raw materials for the petrochemical industry. 


Petrochemicals are substances made from crude oil, such as poly(ethene) 
and other polymers. 


3% 4 Describe two reasons why crude oil is useful to us. 


Fuels 


Natural gas is a mixture of hydrocarbons in the gas state, Methane, the 
main hydrocarbon in natural gas, is useful for cooking, 


Several different liquid fuels can be obtained from crude oil, including petrol 
and diesel oil for vehicles, and kerosene for aircraft. These fossil fuels are 
non-renewable - they are being used up faster than they are being formed. 
If we carry on using these fuels, they will run out one day. 


ELALAA LEEEEASSAAY 


ZEST 
Ru’ 


FRR BOB R BI 


D Natural gas is used for domestic heating. This is a boiler with the cover taken off. 


3 5 Explain why diesel and methane are non-renewable fossil fuels. 


Exam-style question 


Octane, C,H,,, is one of the substances found in petrol. 
a Explain why octane is a hydrocarbon, (2 marks) 
b State why petrol is non-renewable. (1 mark) 
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ind natural gas ® 


C This oil industry engineer is pouring 
some crude oil into a container, ready 
fora test. 


The barrel is the unit of volume 
used by the oil industry, One 
barrel of oil is 159 litres, The 
world uses about 96 million 
barrels of oil each day - about 
180000 litres per second. 


How confidently can you answer 
the Progression questions? 


$1 What are the main features of 
crude oil and the substances 
it contains? 

S2 Why are crude oil and natural 
gas useful? 


E1 Why is crude oil an important 
finite source of non- 
renewable substances? 


SC20b Fractional distillation of crude oil 


Specification reference: C8,3; C8.4; C8.5 


+ How is crude oil separated into useful fractions? 
+ What are the names and uses of the main fractions from crude oil? 
* What are the differences in the molecules found in different fractions from crude oil? 


Crude oil is usually not runny enough or 
ignited easily enough for it to be useful as a 
fuel. The different hydrocarbons it contains 

must be separated into simpler, more 

useful mixtures. This can be achieved using 

fractional distillation because the different 
hydrocarbons have different boiling points. 


1 State why crude oil can be separated 


A Bitumen, a fraction obtained from crude oil, is mixed with small stones using fractional distillation. 


to make road surfaces. i" 
In the fractionating column 


The industrial fractional distillation of crude oil happens in a tall metal 
fractionating column, Crude oil is heated strongly to evaporate it, and the 
hot vapours are piped into the bottom of the column, where: 


+ the column is hottest at the bottom and coldest at the top 

* the vapours rise through the column and cool down 

+ the vapours condense when they reach a part of the column that is cool 
enough (below their boiling points) 


* the liquid falls into a tray and is piped away 


* the vapours with the lowest boiling points do not condense at all and 
leave at the top as a mixture of gases 


+ bitumen has the highest boiling point and leaves at the bottom asa hot liquid. 


The separated liquids and gases are called oil fractions because they are 
only parts of the original crude oil 


gases 
domestic heating and cooking 


B Fractional distillation of crude oil 


happens at oil refineries, vapours rise — fuel for cars 
the tower 
EP 2 Make a table to summarise SEE fue! for aircraft 
crude 
the names and uses of the crus Seattca 
six main oil fractions. an, > fuel for some cars and trains 


A - fuel oil 
&E} 3 Explain where changes ee fuel for large ships and power stations 


of state happen during crude oil Baamais 
fractional distillation of is heated ep surfacing roads and roots 


crude oil. C These are the names and uses of the main fractions leaving an oil fractionating column, 
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Fractional distillation of crude 


Properties of fractions 

Each fraction is a mixture of hydrocarbons, rather than a pure hydrocarbon. 
However, the hydrocarbons in a given fraction have similar numbers of 
carbon and hydrogen atoms in their molecules, and similar boiling points. 


Different fractions have different uses because they have different properties. 
For example: 


+ the hydrocarbons in the gases fraction have the lowest viscosity (they 
flow easily) and are easiest to ignite (they are easily set alight), making 
them suitable for use as fuels 

* bitumen is solid at room temperature, and waterproof, making it suitable 
for surfacing roads and roofs. 


The other fractions are liquids at room temperature. 


gases smallest | lowest (<0°C) | easy toignite lowest 

(1-4 carbon (flows most 
atoms) easily) 

petrol 

kerosene 

diesel of 

fuel oil 

bxumen greatest (>35 difficultto | highest (flows: 
roan atoms) | 580°C) ignite with difficulty) 


D trends in the properties of the fractions leaving an oll fractionating column 


3 4 Describe the properties of kerosene that make it suitable for use 
as an aircraft fuel. 
as 


Describe the relationships between the number of carbon atoms 
ina hydrocarbon molecule and the physical properties of the 
hydrocarbon. 


| Petrol and fuel oil are different fractions separated from crude oil, 
Describe the difference in one physical property between these two 
fractions. (2 marks) 
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Over 100 million tonnes of 
bitumen is used globally each 


year, Around 85% is used for road 
building, and nearly all of it can 
be recycled when a road wears 
out and needs repairing. 


How confidently can you answer 
the Progression questions? 


$1 How does fractional 
distillation of crude oil work? 
‘$2 What do the substances in 
a crude oil fraction have in 
common? 


E1 How is crude oil made into 
useful mixtures? 

E2 Describe how the 
hydrocarbons in different 
fractions differ from each 
other. 


‘+ What is the main type of hydrocarbon found in crude oil? 
‘+ What are the features of an homologous series of compounds? 
+ Why do alkanes form an homologous series? 


The compounds in crude oil fractions are mostly alkanes. 
Alkanes are hydrocarbons that only have single covalent 
bonds between the atoms in their molecules. The alkanes 
form a ‘family’ or homologous series of compounds. 
There are several different homologous series but the 
members of a series have these features in common: 


the molecular formulae of neighbouring compounds 
differ by CH, 
they have the same general formula (see the next page) 


AMethane, CH isthe simplest alkane. tistransportedin large * they show a gradual variation in physical properties, 
amounts as liquefied natural gas (LNG). Its distributed as a gas: Such as their boiling points 


to homes and businesses through a network of pipelines. = they have similar chemical properties. 
{E31 Name the homologous Molecular formulae 


series of compounds that The table shows information about the first three alkanes. 
make up most of crude oil. 


methane CH, 


ethane GH, 


propane | GH, 


B names and formulae of the first three alkanes 


Going from ethane to propane, the number of carbon atoms increases by 
Land the number of hydrogen atoms increases by 2, You can see this in 
their molecular formulae, which show the actual numbers of atoms of 


& 2 Describe the difference each element in the molecules of these compounds. The molecular formula 
between the molecular changes by CH, going from C,H, to C,H,. You might find this easier to see in 
formulae of methane and __ the structural formulae of ethane and propane. It looks as if an extra CH, 
ethane. group of atoms is fitted in between the two CH, groups of atoms. 
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The alkane homologous 


General formulae 

A general formula represents the formula for a whole homologous series. 
The general formula for the alkanes is: C,H... This means that the number 
of hydrogen atoms is twice the number of carbon atoms, plus two. For 
example, propane molecules have three carbon atoms, so: 


© n=3,and ane2=(2x3)+2=8 
+ the molecular formula is C,H,. 


Trends in physical properties 

The graph shows how the boiling points of alkanes change as the number 

of carbon atoms in the molecules increases. Notice that there is a gradual 
variation in this physical property. The difference in boiling points of the alkanes 
is the reason why alkanes in crude oil can be separated by fractional distillation. 


Boiling point (°C) 


02 4 6 8 10 12 1 16 18 20 
‘Number of carbon atoms in each molecule 


C The boiling point of a straight-chain alkane depends upon the size of its molecules. 


The alkanes have similar chemical properties. For example, they react with 
excess oxygen to produce carbon dioxide and water. These are the equations 
for propane, found in camping gas: 


propane + oxygen — carbon dioxide + water 
GH, + 50, > 300, + 4H0 


5 Methane reacts with excess oxygen. For this reaction, write: 
2 a the word equation 


o 
[Exam-stylequestion 


| Ethene, C,H,, is a member of the alkene homologous series, The next 


b the balanced equation. 


aH 
two alkenes are propene, C,H,, and butene, C,H, Explain why these three 


| hydrocarbons are members of the same homologous series, (2 marks) 
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3 Give the molecular 
formulae for: 


a butane (an alkane with 
four carbon atoms) 


'b hexadecane (an alkane 
with 16 carbon atoms). 


The carbon atoms in alkanes 
can be arranged so there are 
branches as well as straight 


chains, There are only two ways 
to arrange the carbon atoms with 
butane but over 10000 ways to 
do this with hexadecane, 


2 4 Describe how the boiling 
points of alkanes change 
as the number of carbon 
atoms in the molecules 
changes. 


How confidently can you answer 
the Progression questions? 


S1 What are the features of an 
homologous series? 


E1 Explain why the main 
components of crude oil form 
an homologous series. 


Specification reference; C8.7; C8.8; C8.9; C8.10 


Progression questions 


+ What happens during the complete combustion of a hydrocarbon? 
+ What happens during the incomplete combustion of a hydrocarbon? 
+ What problems does incomplete combustion cause? 


Hydrocarbon fuels react with oxygen in the air when they burn, This is an 
example of an oxidation reaction and is called combustion. 


Complete combustion 
Complete combustion of a hydrocarbon is a reaction in which: 


+ only carbon dioxide and water are produced 
+ energy is given out. 


Complete combustion happens when there is a plentiful supply of air or 
‘oxygen, for example when the air hole on a Bunsen burner is fully open. 
Methane is the main hydrocarbon found in natural gas: 


methane + oxygen -> carbon dioxide + water 


CH, + 20, + ©, +2H0 
A Adjusting the air hole on a Bunsen 423 1 Write the balanced equation for the complete combustion of 
burner alters the amount of air reaching pentane, C,H... 


the fuel, and changes the flame, 
The apparatus in photo B is used to investigate combustion. A pump draws 


combustion products from the Bunsen burner through the apparatus. Iced 
water cools and condenses water vapour passing through the U-shaped 
tube. White anhydrous copper sulfate in the U-shaped tube turns into blue 
hydrated copper sulfate, showing the presence of water. Limewater in the 
boiling tube turns milky, showing the presence of carbon dioxide. 
3 2. Describe laboratory tests 
for water and for carbon 
dioxide. 


to pump 


limewater — 


B This apparatus is used to investigate combustion products. 
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Complete 


and incomplete 


ombustion 


Incomplete combustion 

Incomplete combustion happens when there is a limited supply of air or 
oxygen, such as when the air hole on a Bunsen burner is closed. During the 
incomplete combustion of a hydrocarbon: 


+ water is produced 
+ energy is given out (but less than with complete combustion) 
* carbon monoxide, CO, and carbon are produced. 


‘Some carbon atoms in the hydrocarbon may still be fully oxidised to carbon 
dioxide, but some are only partially oxidised to carbon monoxide. Some 
carbon atoms are released as smoke and soot. 


Incomplete combustion problems 

Incomplete combustion can cause problems in appliances that use 
hydrocarbon fuels, such as boilers and heaters, if they are poorly maintained 
or unventilated, Carbon monoxide is a toxic gas. It combines with 
haemoglobin in red blood cells, preventing oxygen combining, This reduces 
the amount of oxygen carried in the bloodstream, causing affected people 
to feel sleepy or to become unconscious. Severe carbon monoxide poisoning 
can even cause death, 


Soot can block the pipes carrying away waste gases from an appliance. 
It blackens buildings, and it can cause breathing problems if it collects in 
the lungs. 


D This wall has been blackened by soot from the exhaust pipe of an old boiler. 


"& 5 Describe one problem caused by soot. 


Describe a problem caused by one product of the incomplete combustion 
of natural gas, (2 marks) 
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3 Explain why incomplete 
combustion of 


hydrocarbons can produce 
carbon monoxide and 
carbon. 


€ Carbon monoxide is colourless 
and odourless, so electronic carbon 

monoxide detectors are used in homes 
using natural gas for heating or cooking. 


3 4 Explain why carbon 
monoxide is a toxic gas. 


After hydrogen, carbon monoxide 


is the second most common 
molecule in interstellar space. 


How confidently can you answer 
the Progression questions? 


S1 Why can burning fuels in a lack 
of oxygen cause problems? 


E1 Explain why adequate 
ventilation is important when 
using appliances fuelled by 
hydrocarbons. 


$C20e Combustible fuels and pollution 


Specification reference; C8.11; C8.12; C8.13 


| Progression questions i J , hs! 


+ Why do some hydrocarbon fuels release sulfur dioxide when they are used? 


+ Why are oxides of nitrogen produced by engines? 
+ What problems are caused by acid rain? 


Carbon dioxide, like other soluble 
non-metal oxides, forms an acidic 
solution with water. Rain water is 
naturally acidic because it contains 
carbon dioxide from the air. Acid 
rain has a pH lower than 5.2, 
making it more acidic than natural 
rain water, Sulfur dioxide is a major 
cause of this extra acidity. 


*} 1 Name a substance that 
causes acid rain. 


A The trees in this forest have died because of the effects of acid rain. 


Sulfur dioxide 

Hydrocarbon fuels (such as petrol and diesel oil) may contain sulfur compounds. 
These occur naturally as impurities and are not deliberately added. On the 
contrary, most of these impurities are removed at oil refineries in an attempt to 
reduce the environmental problems they cause. When the hydrocarbon fuel 
is burnt, the sulfur reacts with oxygen to form sulfur dioxide gas, SO, 


Sulfur dioxide dissolves in the water in clouds to form a mixture of acids, 
including sulfurous acid: 


B New stonework and similar stonework 
(on the right) damaged by years of acid 
rain, 


4,0) + 0,(g) > H,S0,(aq) 
Sulfurous acid is oxidised by oxygen in the air to form sulfuric acid: 
GD 2 Writeabalanced equation —_2H:50,(@9) + 0,(6) > 2H,S0,(aq) 

for the reaction between This mixture of sulfurous acid and sulfuric acid causes problems when it falls 
sulfur and oxygen, as acid rain. Crops do not grow well when the soil is too acidic, Excess acidity 


in rivers and lakes prevents fish eggs hatching, and it can kill fish and insects. 
PR 3 Describe two * i i 


environmental problems —_Acid rain increases the rate of weathering of buildings made of limestone 
caused by sulfur dioxide or marble, and breaks down their structures. These rocks are almost pure 
dissolving in rain water. calcium carbonate, which reacts with sulfuric acid: 

3} 4 Write the balanced calcium carbonate + sulfuric acid — calcium sulfate + water + carbon dioxide 


equation for the reaction 
between calcium 
carbonate, CaCO,, and 
sulfuric acid iron + sulfuric acid ~ iron({l) sulfate + hydrogen 


Acid rain also increases the rate of corrosion of metals, such as the iron in 
steel, weakening them: 
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‘Combustible fuels anc 


Car engines are ‘internal combustion’ engines — fuel is mixed with air and Sapcdaemaoeteel 
ignited inside the engine. This causes temperatures high enough for nitrogen 3 

Ts, cooling when it is released in 
and oxygen in the air inside the engine to react together. The reactions 


ri 5 des oF nie NCDSAGEH heric pollutants, | Volcanic eruptions. Scientists have 
produce various oxides of nitrogen, or NO., which are atmospheric pollutant suggested deliberately injecting 


sulfur dioxide high into the 
atmosphere as a way to reduce 
global warming, 


5 Explain why: 


a the use of some 
hydrocarbon fuels 
causes the production 

C Spreading powdered limestone on a field reduces the acidity of the soil of sulfur dioxide 


NO, are a cause of acid rain, Nitrogen dioxide, NO,, forms dilute nitric acid when b oxides of nitrogen may 
it dissolves in the water in clouds. Nitrogen dioxide is a toxic red-brown gas, be produced when 

and it can cause respiratory diseases such as bronchitis. Catalytic converters in hydrocarbon fuels are 
cars convert most of the NO, in exhaust gases to harmless nitrogen. used. 


How confidently can you answer 
the Progression questions? 


$1 Why are some non-metal 
oxides produced when 
hydrocarbon fuels are used in 
cars? 

$2 What problems are caused by 
acid rain? 


D in sunlight, oxides of nitrogen react with other pollutants to form a harmful 
iphotochemical smog’ 


re 6 Catalytic converters can reduce nitrogen dioxide, forming nitrogen 


: : E1 How does the use of 
and oxygen. Write a balanced equation for this reaction. 


hydrocarbon fuels produce 


. pollutants? 
Exam-style question E2 Why might the problems 
Large ships use fuel oil, which contains sulfur as an impurity, Explain why this caused by acid rain vary over 
can cause environmental problems when ships travel the oceans. (3 marks) time? 
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Specification reference: (8,14; C8.16; C8.17 


Progression questions 


+ Whyis cracking needed? 


+ What happens during the cracking of crude oil fractions? 
+ What are the advantages and disadvantages of hydrogen and petrol as vehicle fuels? 


When crude oil is separated by fractional distillation, 
the volume of each fraction usually does not match the 
volume that can be sold. The supply of some fractions 
is greater than customer demand, while the demand for 
other fractions is greater than the supply. Oil refineries 
use cracking to match supply with demand. Cracking 
also produces hydrocarbons with C=C bonds. These 
hydrocarbons are used to make polymers. 


‘Supply and demand for oil fractions 


A This storage building has stockpiles outside because the 
supply of the products is greater than the customers’ demand 


5 
2 

3 

for them. 8 
1 Use bar chart B to identify: i 

B 


a the fractions in higher 


gases" petrol kerosene diesel oll fuel oil "bitumen 
Crude oil fraction 


‘example supply and demand for oil fractions 


supply than demand 
b the fractions in higher Cracking 
demand than supply. __racking involves breaking covalent bonds in hydrocarbon molecules. Crude 


oil fractions are heated to evaporate them. The vapours are passed over 
a catalyst containing aluminium oxide and heated to about 650°C. This 

speeds up reactions that break down larger hydrocarbon molecules. Smaller, 
more useful, hydrocarbon molecules form and these can be used as fuels or 


for making polymers. For example: 


octane ~ hexane ethene 
CH t CH CH, 
HoH HO H H H oH OH HoH H H 
[itd f- ) J) | Nf 
H—G—cC—c—c—c—c—c—c—H —> H C—G C=C. 
Se ee eee I. | i ™ 
H H H H H H HH HoH 
larger alkane smaller alkane alkene 
(used for fuel) (to make polymers) 


Ca cracking reaction (modelled using structural formulae) 
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Breaking de 


Notice that one of the products, ethene C,H, is an alkene. Alkenes 


3 2 Copy and complete this 


form a different homologous series to alkanes. Alkanes and alkenes are equation, which models a 
hydrocarbons, but: cracking reaction. 
Sl , Yoon +H, 


+ alkanes are saturated (their carbon atoms are joined by single bonds, C-C) 
+ alkenes are unsaturated (they contain a carbon-carbon double bond, C=O). Describe the difference 
between saturated 
Fuels for cars and unsaturated 

Petrol is in high demand for use as a fuel for cars. It is liquid at room hydrocarbons, 
temperature, so large amounts can be stored in the car's fuel tank and then 

pumped to the engine. Petrol is easily ignited, and its combustion releases 

large amounts of energy. 


Hydrogen can also be used to fuel cars. It is a by-product of cracking and can 

also be produced by reacting methane (from natural gas) with steam. Unlike 

petrol and other hydrocarbon fuels, the combustion of hydrogen produces Write a balanced equation, 
water vapour but no carbon dioxide. Hydrogen fuel has environmental with state symbols, for 
benefits because carbon dioxide is a greenhouse gas, linked to global the reaction between 
warming and climate change. hydrogen and oxygen. 


Like petrol, hydrogen is easily ignited and its combustion releases large 

amounts of energy. Unlike petrol, hydrogen is a gas at room temperature. 

This makes hydrogen dffcult to store in large amounts unles its [Didyouknow? 
compressed under high pressure or liquefied by cooling, Scientists have discovered that 
graphene can store hydrogen. 


Roasted coconut or roasted 
chicken feathers work too. 


How confidently can you answer 


% C3] the Progression questions? 

Te Bienen 

= $1 How are crude oil fractions 
made more useful? 

D in this car electricity for an electric motor is generated by a fuel cell that uses hydrogen. $2. What are the advantages 

and disadvantages of using 

hydrogen in cars, rather than 

petrol? 


“3 5 Explain, in terms of hydrogen molecules, an advantage of storing 
hydrogen in the liquid state rather than in the gas state. 


E1 How and why are relatively 
large alkanes broken down? 


E2 What influences the choice of 
a Explain what is meant by the term cracking, (2 marks) biydlraget bw patrol nc afl 


b Complete this equation: C,H,, > 3C,H, + smu.sm (1 mark) for cars? 


Ethene, C,H,, is used to make poly(ethene). Ethene is produced by 
cracking crude oil fractions. 
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+ What are the names of some common gases produced by volcanic activity? 


+ What evidence is there for the composition of the Earth's early atmosphere? 
+ How do scientists explain the formation of the oceans? 


‘A Venus’ atmosphere is 96.5% carbon 
dioxide and 3.5% nitrogen, 


B Maat Mons (an 8km high volcano 
on Venus) photographed by the NASA 
Magellan space probe 


The largest volcano in the 

Solar System is on Mars, Called 
Olympus Mons, it is 27 km high 
(three times the height of Mount 
Everest) 


Evidence indicates that significant changes have occurred to the 
composition of the Earth's atmosphere in its 4.5 billion year history. More 
recent changes are due to living organisms. 


To investigate the atmosphere before life evolved, scientists look at evidence 
on Earth and study the atmospheres of other planets and moons. These 
bodies are unlikely to contain life, so their atmospheres may be similar to 
the Earth's early atmosphere. 


7} 1 Explain why scientists study the atmospheres of other bodies in 
‘our Solar System. 


Earth’s early atmosphere 


The Earth's early atmosphere is thought to have been mainly carbon dioxide, 
with smaller amounts of water vapour and other gases, and little or no oxygen 


Volcanoes affect the atmosphere by releasing large amounts of some gases, 
such as carbon dioxide and water vapour, and small amounts of other gases 
(including nitrogen). There was a lot of volcanic activity on the early Earth, 

so volcanoes probably helped form its atmosphere. 


Earth, Venus and Mars are rocky planets with volcanoes, The atmospheres of 
Venus and Mars are mainly made of carbon dioxide, thought to have been 
released by volcanoes. This supports the idea that Earth's early atmosphere 
also contained lots of carbon dioxide. 


Some scientists think that the Earth's early atmosphere was mainly nitrogen, 
Evidence for this comes from Titan, a moon of Saturn. Titan's atmosphere is 
98.4% nitrogen, probably also released by volcanoes, However, space probes 
have shown that Titan has an icy interior, unlike Earth, Venus or Mars. So, 
Earth’s early atmosphere is less likely to have been like Titan's, 


#3 2. State how volcanoes affect the atmospheres of planets. 


3 3. a Give the name of the gas most likely to have formed most of 
the Earth’s early atmosphere. 


3 b Explain why the discovery of Titan’s icy interior does not support 
the idea that the Earth’s early atmosphere was mainly nitrogen. 


33 4 Explain why scientists think that the early Earth had an 
atmosphere similar to Venus. 
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The oceans 

About 4 billion years ago, the 
Earth cooled down. This caused 
water vapour in the atmosphere 
to condense to liquid water, which 
formed the oceans, 


S'} 5 Describe how the Earth’s 
oceans may have formed. 


Oxygen 

While the exact composition of 

the Earth's early atmosphere is 
uncertain, there is much more direct 
evidence to support the idea that it 
contained little or no oxygen. 


Oxygen is not produced by volcanoes. Further evidence 
comes from iron pyrite, a compound that is broken down by 
oxygen and so only forms if there is no oxygen. It is often 
found in very ancient rock 


About 2.4 billion years ago, rocks containing bands of iron 
oxide started to form. This oxidation of iron suggests that 
oxygen levels increased at this time. There is fossil evidence 
of microorganisms that may have produced this oxygen. 

So, scientists think that oxygen from these microorganisms 
reacted with iron in the early oceans, to produce insoluble 
iron oxides that formed layers on the seabed. 


Some geologists suggest that it was only after 


microorganisms had produced enough oxygen to oxidise the 


iron in the ocean that atmospheric oxygen levels could rise. 


3B 6 
7 


present in the early Earth's atmosphere. 


early atmosphere compared to other gases? 


Describe how the Earth's cooling 4 billion years ago caused a change in 


the composition of the atmosphere. 
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Scientists believe that 
volcanoes gave out. 


.Jots of water vapour 


Explain the evidence that supports the idea that oxygen was not 


Why are scientists more certain about the oxygen content of the 


+. Small amounts of methane, 
nitrogen and ammonia, 


Many scientists think that the gases in Earth's early atmosphere came from volcanoes. 


D bands of iron oxide in an ancient rock 


How confidently can you answer 
the Progression questions? 


$1 Describe two pieces of 
evidence that suggest that 
the composition of the Earth's 
early atmosphere was mainly 
carbon dioxide, with little or 
no oxygen. 


E1 Explain why many scientists 
think that the Earth's early 
atmosphere was similar to 
that of Mars today (which is 
95.3% carbon dioxide, 2.79% 
nitrogen, 1.6% argon and 


(2 marks) 0.13% oxygen). 


SC21b The changing atmosphere 


Specification reference: 8.21; C8.22; (8.23 


| Progression questions - 


+ Why did the amount of carbon dioxide in the atmosphere change? 
+ How did primitive organisms change carbon dioxide and oxygen levels? 
+ What is the test for oxygen? 


As the young Earth changed, so did the atmosphere. Over hundreds 
of millions of years the amount of oxygen increased and carbon 
dioxide levels decreased. Scientists have put forward many 
hypotheses to explain this. There is strong evidence to support 
some of these. 


Oceans 

As the young Earth cooled, water vapour in the atmosphere 
condensed and formed oceans. Many scientists think that 
carbon dioxide then dissolved in the oceans, reducing the 
amount of carbon dioxide in the atmosphere, Sea creatures used 
the dissolved carbon dioxide to form shells made of calcium 
carbonate, CaCO,, This then allowed more carbon dioxide to 
dissolve in the oceans 


3% 1 State what happened to the water vapour in the Earth's 
atmosphere when temperatures cooled. 


Oxygen 

Some organisms use energy from the Sun to make food by 
photosynthesis, These organisms change the atmosphere because 
photosynthesis uses up carbon dioxide and releases oxygen. 


A Shells from dead sea creatures form layers 


io cecaari age NE SACRO Paes Some of the earliest photosynthetic organisms were 
(eg, limestone) over millions of years. Shells can cyanobacteria, which live in shallow waters. These bacteria grow 
often be seen in limestone in huge colonies and produce sticky mucus. The mucus traps a 


layer of sand grains and other sediments, The organisms need 
to move above the sediment layer in order to get sunlight. Over 
time, the sediment layers build up to form rocky shapes, called 
stromatolites. 


é@% 2 Explain why cyanobacteria need to move above the 
sediment as it collects in layers on a stromatolite. 


Some stromatolites are over 3 billion years old. They provide 
evidence that photosynthetic organisms were living at this time. It 
is thought that microorganisms like these caused a rise in oxygen 
levels in the oceans and then the atmosphere. 


B Stromatolites are caused by oxygen-releasing 
microorganisms called cyanobacteria, 
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The changing atmosphere 


Cyanobacteria evolved into other forms of life, including plants. When land 
plants evolved, about 500 million years ago, there was another jump in 
atmospheric oxygen levels. 


40. 
se primitive photosynthetic 
Be 30 organisms start to affect 
85 the atmosphere lend plants 
3 20 Explain why the presence 
es of ancient stromatolites 
Be 10 supports the idea of 
as photosynthesis starting 
° 
7 3 i T i to occur over 3 billion 
4 Billions of years ago 4 years ago. 
3.8 billion years ago ne 7% 4 Describe how the 
C Diagram showing how some scientists think that oxygen levels in the Earth’s a evolution of land plants 
atmosphere may have changed over 3.8 billion years. changed the composition 


Today, oxygen makes up about 21% of the Earth’s atmosphere. It is of the atmosphere 


important for aerobic respiration in organisms. It also allows combustion 
Hittin lk 
laboratory; pure oxygen will relight a glowing splint. Oxygen is very reactive and 

would soon disappear from 

the atmosphere without 
photosynthetic organisms. Space 
scientists are very interested 

in trying to find other planets 

that contain oxygen in their 
atmospheres, 


How confidently can you answer 
the Progression questions? 


$1 Explain how carbon 
dioxide levels in the Earth's 
atmosphere decreased. 


D the test for oxygen 


S2 Explain how oxygen levels 
S$ 5 a State the laboratory test for oxygen. in the Earth’s atmosphere 
increased. 


EE) virco earth intuenced 
of life on Earth influenced 


Explain why the formation of oceans on Earth may have caused a levels of carbon dioxide and 
decrease in atmospheric carbon dioxide levels. (3 marks) oxygen in the atmosphere 


oy b Why does oxygen relight a glowing splint? 
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‘+ What are the names of some greenhouse gases? 
+ How is the greenhouse effect caused? 
‘+ What is the link between fossil fuel combustion and climate change? 


‘Some energy is reflected back into space. Energy from the Sun is transferred to 


the Earth by waves, such as light and 
infrared. Some energy is absorbed by the 


‘Some emitted energy is Earth’s surface, warming it up. The warm 
transferred to space. 


Earth emits (gives out) infrared waves. 
‘Some gases in the air absorb energy 
transferred by these infrared waves. 
When the gases re-emit the energy, some 
of it goes back to the Earth’s surface and 
warms it. This is the greenhouse effect. 


The gases in the atmosphere that 
absorb energy are called greenhouse 
gases, and include carbon dioxide 
(CO), methane (CH,) and water vapour 


Most of the energy is ‘Some emitted energy is absorbed by (H,0). Without them, the mean surface 


absorbed, causing an ‘greenhouse gases. When itis re-emitted it 
increase in temperature. can be transferred back to the Earth's surface. 


A The greenhouse effect keeps the Earth warm, 


temperature of the Earth would be 
about -18°C (compared to about 14°C, 
which it is today). 


GS} 1. List three greenhouse Correlation and climate change 
gases. There is evidence to support the idea that human activity is increasing the 
2. State the influence of the _8f€eMhouse effect and causing global warming, Ths is thought to be causing 


greenhouse effect on the 


climate change (changes to average weather conditions around the world). 


Earth. Since about 1850, there has been a steady increase in the burning of fossil 
fuels for industry. During this period, carbon dioxide levels have increased. 
We know that combustion releases CO., and so this is good evidence that 
increased fossil fuel use has caused increased CO, levels. 


$8 


8 


CO, concentration (ppmv) 


1600 1650 1700 1750 1800 1850 1900 1950 2000 
Year 


B.CO, levels have risen dramatically since about 1850. 


‘As CO, levels have risen, so has the average temperature of 
the Earth’s surface, There is a strong correlation between 
CO, levels and surface temperature. 


However, a correlation does not mean that there is a causal 
link (one thing causes the other). To show a causal link, 
scientists must collect evidence and explain how and why 
the correlation occurs. In this case, scientists want to know 
whether increasing CO, levels could actually cause global 
temperatures to rise, whether the reverse happens, or 
whether there is no causal link. 
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The atmosphere today 


— difference in temperature 
from today 
amount of CO, in the air 


250 200 150 100 50 0 
‘Age (thousands of years ago) 


C Average global temperatures and atmospheric carbon dioxide levels are correlated 
Scientists can show in the lab that CO, absorbs infrared. Satellite data 
confirm that as CO, levels have increased, there has been a reduction in 


infrared waves from the Earth leaving the atmosphere. This supports the 
idea that CO, causes temperature rises because it shows how it could occur. 


>) 3° Why might industrialisation have led to an increase in greenhouse 
gases? 


©3 4 a Describe what global warming is. 
43» Compare global warming with climate change. 
3 5 a What isa ‘causal link’? 


3 b Explain why many scientists believe that there is a causal link 
between recent CO, level increases and a rise in temperature. 


Evaluating the evidence 

The amount of carbon dioxide in the air today is measured at monitoring 
stations around the world. Evidence for historical carbon dioxide levels 
comes from measuring concentrations of the gas trapped in ice cores. The 
oldest cores come from Antarctica and give data going back 800 000 years. 


The oldest continuous temperature records are for central England and 
go back to 1659. However, these records cannot be used to assess global 
temperature changes because they are from only one place. Continuous 
temperature measurements from around the world exist from about 1880. 


Earlier measurements were not very accurate. Modern thermometers are 
less prone to error and have a greater resolution. Today, we can also analyse 
huge amounts of data from around the world, including temperature 
measurements from many different sources (such as sensors and satellites) 


é > 6 How do scientists measure carbon dioxide levels from the past? 


Describe why the greenhouse effect leads to increased average global 
temperatures. G marks) 


167 


D Gases are trapped in ice cores 


How confidently can you answer 
the Progression questions? 


$1 Describe the evidence 
to support the idea 
that increasing levels of 
greenhouse gases have 
caused increased average 
global temperatures. 


E1 Describe how scientists would 
collect evidence to support 
a causal link between carbon 
dioxide levels and global 
temperatures. 


SC21d Climate change 


Specification reference: 8.26 


Progression questions 


+ What human activities influence the climate? 
+ What problems might climate change cause? 
+ How might we limit the impact of predicted climate change? 


The increased burning of fossil fuels has released more and 
more carbon dioxide (CO,) into the atmosphere, which is 
thought to be causing global warming. However, CO, is not 
the only greenhouse gas produced by human activity. 


Methane (CH,) is a more powerful greenhouse gas than CO, 
because it is much better at absorbing infrared radiation 
from the Earth. Methane is the main component of natural 
gas, and is released into the atmosphere when oil and 
natural gas are extracted from the ground and processed 


Livestock farming (especially cattle) also produces a lot of 
methane. Cattle have bacteria in their stomachs to digest 
tough grass. Some of the bacteria produce methane. Soil 
bacteria in landfill sites and in rice ‘paddy’ fields also 
produce a lot of methane. 


State three human 
activities that cause 
climate change. 


How does livestock 
farming increase levels of 
greenhouse gases in the 
atmosphere? 


Describe why an 5 
increasing world B Rice paddy fields produce significant amounts of methane. 


population might lead to 
more greenhouse gases 
being released into the 
atmosphere, 


Effects of climate change 

Rising average global temperatures will cause ice at the South Pole and 
glaciers to melt, The extra water will raise sea levels, which will lead to 
increased flooding in some areas. Higher average temperatures will also 
result in a loss of ‘sea ice’ at the poles. 


‘Some animals may move away from their natural habitats to find cooler 
areas. Some animals and plants may become extinct if they cannot survive 
at warmer temperatures or find new places to live, 


‘As weather patterns change, some areas will become drier and others will 
become wetter. Scientists predict that there will be more extreme weather 
events (such as heavy rainfall, powerful storms and heat waves). These 
changes will affect wildlife and the growth of crops that people depend upon. 


| Sea levels have been rising at a 
rate of over 3mm per year since 
| 1993, 
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Climate change 


As more CO, is released, more of this acidic gas will dissolve in seawater, 
lowering its pH. This can harm organisms living in the seas and oceans. 
Additionally, as ocean temperatures rise, it causes coral to push out the 
photosynthetic algae that live in their tissues. These algae provide the colour 
of coral and so coral ‘bleaching’ may occur. 


4 List four negative effects of climate change. 


Limiting the impact 

Using renewable energy resources can reduce greenhouse gas emissions, 
but there is a risk that this may not be enough to mitigate (lessen) the 
effects of climate change that we are already seeing. 


‘Some people have suggested global engineering solutions, to reflect 
sunlight back into space or to capture CO, from the air and bury it 
underground, However, all countries will need to work together to reduce 
emissions and help pay for large-scale engineering, There is a risk that some 
countries will not help and that delicate ecosystems may be disrupted. 


gas capture burning methane generating 
wells to generate heat, electricity 


D Methane released from landfill sites can be captured and burnt to generate electricity, 


Other ways of limiting the impact of climate change involve helping local 
people to adapt to new conditions. These include building flood defences, 
dams and irrigation systems. However, these ideas may destroy important 
habitats and there is a risk that they will not work. 


<E} 5 Explain why an increased use of renewable energy might help to 
limit the impact of climate change. 


2 6 Explain why international cooperation is important in dealing 
with climate change. 


a Identify a way of limiting the impact of climate change. 


b State one risk associated with your suggestion. 


a State a problem caused by climate change. (1 mark) 
b Describe what can be done to limit any harmful impact. (I mark) 
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Cif coral remain ‘bleached’ for too long 
they can die 


How confidently can you answer 
the Progression questions? 


‘$1 State an effect on the climate 
of increased carbon dioxide 
and methane levels, and 
identify whether the effect is 
global or local. 

S2 Identify one way of reducing 
the harmful effect of your 
example above. 

‘$3 State a risk associated with 
your suggested mitigation 
method. 


E1 State the three most 
important policies you think 
the government should have 
for tackling climate change. 
Justify your choices. 


Fuelf 


Useful substances are separated from crude oil by 
fractional distillation. The diagram shows the column: 
used and the fractions it produces. The bitumen 
fraction leaves from the bottom of this column. 
Look at the heights at which the kerosene and fuel 
oil fractions are collected. Explain the properties and 
uses for kerosene and fuel oil using the information. 

(6 marks) 


Fraction 
gases 
petrol 
kerosene 


diesel oil 


heated 
crude oil 


fuel oil 


bitumen 


“The top of the fractionating column is cooler than 
the bottom. Kerosene vapours condense higher up the 
column than fuel oil. Kerasene has a lower boiling 
point than fuel oil. This is because the hydrocarbon 
molecules in kerosene have fewer carbon atoms and 
hydrogen atoms than the hydrocarbon molecules in 
‘fuel oil (1]. Kerasene is mare easily ignited than fuel 
oil (2). It also has a lower viscosity than fuel oil, so 
kerosene flaws mare easily (3]. The differences in these 
properties make kerosene useful as a fuel for aircraft, 
(4) while fuel oil is used as a fuel for large ships and 
some power stations [5]. 


[1] The answer uses information given in the diagram, and 
the student's own knowledge and understanding, to link 
the size of the molecules in each fraction to its boiling 
point and position. 

[2] This describes an important difference in the properties 
of the two fractions. 

{3] It makes clear what low viscosity means ~a less 

viscous substance flows more easily than a more viscous 
substance. 

{4) It is important not to just describe kerosene as used in 
aircraft, but as a fuel for aircraft. 

{5] More than one use of fuel oil is given, and both are 
correct 


This isa strong answer. It shows good knowledge and 
understanding of the fractions obtained from crude oll, and uses 
correct scientific language. The answer uses scientific knowledge 
to link the size of the hydrocarbon molecules to their boiling 
points, and therefore the heights at which they are collected in the 
fractionating column. The answer is organised logically, explaining 
the differences in properties and then the difference in uses. 


If you are given information in 
a question, make sure you use 
and refer to it in your answer. 
In this case, the question 
stated that you should use the 
information from the diagram. 
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Paper 2 


$C22 Hydrocarbons / 
$C23 Alcohols and Carboxylic Acids / 
SC24 Polymers 


Your body contains natural polymers including proteins, starch and DNA 
Chemists discovered how to make poly(ethene), an artificial polymer, by 
accident over a hundred years ago. Nowadays, chemists know a lot more 
about polymers and how to make them using hydrocarbons, alcohols 
and carboxylic acids. They are able to develop polymers with astonishing 
properties, including light-emitting polymers that form flexible screens 
and polymers that mimic the appearance and flexibility of human skin. 
This robot head is covered with a spongy polymer, which helps the robot 
produce different life-like expressions. 


The learning journey 

Previously you will have learnt at KS3: 

+ about combustion of fuels 

+ about the properties of polymers. 

In this unit you will learn: 

* about the structures and properties of alkanes and alkenes 
+ how a concentrated solution of ethanol is produced from carbohydrates 
+ about the structures of alcohols and carboxylic acids 

= about the chemical properties and uses of alcohols and carboxylic acids 
+ about the composition of biological polymers 

+ how poly(ethene) and other polymers are made 
+ about the disposal and recycling of polymers. 


Specification reference: C9.10C; C9.11¢; C9.12C; €9.13C 


Progression questions 


‘+ What are the names, formulae and structures of the four smallest alkanes? 
‘+ What functional group is present in all alkenes? 
+ Hows the position of this functional group shown in alkene names? 


Alkanes 

Hydrocarbons are molecular compounds that contain only carbon 
and hydrogen. Alkanes are a group of hydrocarbon molecules 
based on a chain of carbon atoms. They all have the general 
formula C,H... (where ‘n’ is a whole number). A series of molecules 
that have a general formula and vary in a single feature (such as 
carbon chain length) form an homologous series. 


State why alkanes are hydrocarbons. 


1 
3 2 Analkane has six carbon atoms. Calculate the number 
of hydrogen atoms it has. 


2 3. Inwhat feature do members of the alkane homologous 


series vary? 
The International Union of Pure and Applied Chemistry (IUPAC) 
‘A Carpentanants release the alkane undecane developed the naming system for hydrocarbons. A prefix shows 
(C,,H,,) to signal danger, which other carpenter the length of the carbon chain and a suffix shows the homologous 
ants detect using their antennae, series, The suffix for alkanes is -ane’, as shown in table B. 


In table B the lines in the structural 
formulae represent covalent bonds 
between atoms. C-H shows a single 
covalent bond between carbon and 
hydrogen atoms. C-C shows a single 
covalent bond between carbon 
atoms. Molecules are saturated 

if all the carbon-carbon covalent 
bonds are single bonds. Alkanes are 
saturated hydrocarbons. 


methane 


cH, 


ethane GH, 


4 How many covalent bonds 


3 prop- propane | CH, are there in one ethane 
molecule? 
5 Inanalkane, how many 
4 but- butane | C.H,, covalent bonds are found 


attached to every: 


B the first four members of the alkane homologous series 


- = a carbon atom 
b hydrogen atom? 
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Alkanes and alkenes 


Alkenes 


Hydrocarbons with at least one double covalent bond between 
adjacent carbon atoms are unsaturated, Alkenes are an 


HH 
homologous series of unsaturated hydrocarbons with the ethene | GH, ii 
general formula C,H,,.. The first three alkenes in the series are mi 
shown in table C. The carbon-carbon double bond (C=C) is HOH 
known as a functional group. A functional group is an atom propene | GH, HOH OH 
or group of atoms that is mainly responsible for a molecule’s poses 
chemical properties. y | 
HH 
3 6 What feature is common to all alkenes but not butene | CH, 4 4 # 4 
alkanes? H-G-C-a6 
3 7 How many pairs of electrons are there in a double HH H 


covalent bond? 
series 

Isomers 
A functional group can be in different places in molecules with the same 
molecular formulae, Molecules with the same molecular formula but 
different arrangements of atoms are called isomers, Butene has two 
isomers. Numbers are added to the names to show where the C=C functional 
group is, as shown in diagram D. 


HH HH HoH H 
HG=6-6-6-H  H-e—d=c—d-H 

Aa howd 

but-1-ene but-2-ene 


D The numbers in the butene isomer names show the position of the double bond. 
The 1 shows that the C=C bond starts at the end of the molecule on the first carbon, 
the 2 shows that it is in the middle, Carbon atoms are numbered starting from the 
end closest to the double bond. 


8 In butene, how many of the following bonds are there? 


ee ace 
a bcH 
ep ccc 


¢73 9 Which butene isomer is shown in table C? 


3 10 Suggest why there is not a molecule called but-3-ene. 


| Explain the difference between a saturated and an unsaturated 


hydrocarbon, (2 marks) 
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C the first three members of the alkene homologous 


Many plants produce ethene to 
help ripen their fruits. 


How confidently can you answer 
the Progression questions? 


$1 Represent one saturated and 
one unsaturated hydrocarbon 
using their molecular and 
‘structural formulae, together 
with their names. 

‘$2 Label your answer to $1 
with the similarities and 
differences between the two 
molecules. 


E1 Represent a five-carbon 
alkene using structural and 
‘molecular formulae. 

E2 Suggest ways in which 
isomers of this hydrocarbon 
may be different. 


SC22b Reactions of alkanes and alkenes 


Specification reference; C9.14C; C9.15C; C9.16C 


+ What products are formed by the complete combustion of hydrocarbons? 
+ How can bromine water be used to distinguish between alkanes and alkenes? 
+ What are the structures of the reactants and products when bromine and ethene react? 


Air cofloy 
AThisis 


an 


iene burning in space, where flam a different shape from those on Earth 


Combustion 

When hydrocarbons burn, carbon dioxide and water are formed 
is a plentiful supply of oxygen. During combustion, oxidation occurs. If all t 
atoms from the hydrocarbon are fully oxidised, the products are only v 
and carbon dioxide. This is called complete combustion. 


here 


Methane is the main alkane in natural gas. When it is burnt in a Bunsen 
burner with the air hole open, the following reaction occurs: 


CH.(g) + 20,(g) > CO.(g) + 2H,0@ 


is the shortest alkene. The comp! 
equation below: 


is shown 


3 1 Whatare the products of 
the complete combustion 
of propene in oxygen? 


) + 30,(g) > 2CO,(g) + 2H,0(g 


If there is an insufficient amount of oxygen, full oxidation does not o 
carbon (soot) and carbon monoxide can be formed as well. In photo B, the 


cur and 


7} 2 Whatis the functional 
group found in alkenes? 


Explain why oxidation 
occurs in these 
combustion reactions. 


3 4 Why do the products of 
complete combustion 
not allow a scientist to 
distinguish easily between 
alkenes and alkanes? 


B Fire breathers use a fuel made 
of alkanes, The orange flame i 
caused by glowing particles of 
unburnt soot. 
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Reaction 


The bromine water test 

Bromine water is a dilute solution of bromine in water, Br,(aq). It has an 
orange-brown colour. When it is mixed with alkenes a chemical reaction 
occurs, leading to colourless products. Alkanes do not cause decolourisation 
and so bromine water is used to test between alkenes and alkanes. 


The test works because the C=C double bond reacts with the bromine to 
form a colourless product. The bromine is therefore removed from the 
solution, which loses its colour. 


5 a Describe the effects of bromine water on alkanes and alkenes. 


b Explain the effects you have described, 


6 Ripening bananas produce a gas. Describe how you would find out 
if this gas is an alkene or an alkane. 


Addition reactions 

Bromine gas is an orange-brown colour and reacts with alkenes. For example, 

it reacts with ethene to produce a colourless liquid called 1,2-dibromoethane. 
The ’di’ in the name of the product means ‘two’ and the numbers show that 
the two bromine atoms are attached to different carbon atoms. If they were 
attached to the same carbon atom it would be called 1,1-dibromoethane. 


ethene + bromine ——e  1,2-dibromoethane 
HoH HoH 
| It 
7s nn es 
Aa Br Br 


D Ethene reacts with bromine to form 1,2-dibromoethane. 


Diagram D shows that in this reaction two reactant molecules add to one 
another to form just one product molecule. A reaction in which reactants 
combine to form one larger product molecule and no other products is 
called an addition reaction. 


7 Explain what you would see happening during the reaction 
between ethene and bromine gas. 


8 Propene reacts with bromine to form 1,2-dibromopropane. 
a Explain why this is an addition reaction. 


b Draw the structure of a molecule of 1,2-dibromopropane, 
showing all the covalent bonds. 


Bottles of two liquids, hexane and hexene, have been muddled. Explain 
how bromine water might be used to distinguish between them. (2 marks) 
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and alkenes “ & ip 


alkane + bromine water 
The product retains the colour 
from the bromine solution. 


alkene + bromine water 
The product is colourless. 


C The effects of bromine water on 
unsaturated hydrocarbons (containing, 
C=O) and saturated hydrocarbons 
(containing C-C only) are different. 


Alkanes used to be called 
‘paraffins’. This word comes from 
the Latin ‘parum’ for'little’ and 


‘affinis’ for ‘affinity’. Alkanes do 
not undergo many chemical 
reactions and so they have ‘little 
affinity’ for other substances. 


How confidently can you answer 
the Progression questions? 


S1 Using the example of ethene 
reacting with bromine, describe 
what an addition reaction is. 

S2.Explain why ethane does not 
undergo this reaction. 


E1 But-2-ene reacts with bromine. 
Draw out the equation for 
this reaction using structural 
formulae, and name the 
product. 


« 
ayn a8? Ok 


a 


‘+ How are alcoholic drinks produced? 
+ What chemical reaction occurs during fermentation? 
+ How can we make alcohol solutions more concentrated? 


vodka Alcoholic drinks have been made for thousands of 


ne years. These drinks contain a chemical substance called 
fay ethanol (although people often call it‘alcohol’. Its 
beer formula is C,H,OH. Ethanol can also be used as a fuel for 
vehicles and as a raw material for the chemical industry. 
1. What is the proper chemical name and 
molecular formula for alcohol? 
2. Alcoholic drinks can be described as spirits or 
4% 10% 40% 37.5% non-spirits. 
paisa een. _ ene en a What is the difference between them? 
A Drinks that contain a high percentage of ethanol are called 
spirits. b Name an example of each type. 


The ethanol in alcoholic drinks is made from sugars. Sugars are small, 
soluble substances that belong to a group called carbohydrates 

The ethanol content of spirits (compounds made of carbon, hydrogen and oxygen). Many fruits (such as 
used to be measured in ‘degrees | grapes) contain a lot of sugars. 

proof’, where 100° equalled 50% 


Seeds contain a carbohydrate called starch, which is a long polymer. Starch 
must be broken down into sugars in order to make alcoholic drinks. Seeds 
are germinated before using them to make ethanol because, during this 
process, enzymes in the seeds naturally turn the starch into sugars. 


beer wine whisky vodka 


barley seeds | grapes barley seeds | wheat 
seeds 


B plant sources of alcoholic drinks 


Plant material containing sugars is mixed with water and yeast. Enzymes 
in the yeast turn the sugars into ethanol and carbon dioxide, in a process 
called fermentation: 


glucose > ethanol + carbon dioxide 


3. a Where are carbohydrates formed and what elements do they 
contain? 


During fermentation by yeast, sugars f° —_b Give the name of the group of soluble carbohydrates needed 
(such as glucose) are broken down, for fermentation. 
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fermentation, the temperature and pH must be carefully controlled 
ip the enzymes work at their best. Photo C shows a fermentation flask. 
air lock in the neck of the jar allows carbon dioxide to escape while 
keeping air out. This is necessary because yeast fermentation is a type 
anaerobic respiration and only occurs in the absence of oxygen. 


The fermentation process only produces alcohol concentrations up to 159 
as higher concentrations kill the yeast cells. More concentrated solutions of 
ethanol are formed by fractional distillation, as shown in photo D. This works 
because the boiling point of ethanol (78°C) is lower than the boiling point of 
water (100°C). The heated liquids evaporate and their vapours cool as they 
rise up the fractionating column. As the ethanol has a lower boiling point, it 


remains as a gas for longer, and separates from the water. As a result, the first 


fraction, or distillate, that is collected contains a higher percentage of ethanol. 


condenser — cools the 
gases and turns them 
back into liquid 


fractionating 
umn — helps 
eparation by 
condensing 
some vapour 
back into the 
flask i distillate — condensed 
fraction 


filtered fermented 
glucose solution 
(about 10 
ethanol) 


al distillation of an ethanol 


3 7 Explain how fractional distillation can be used to increase the 
concentration of an alcohol solution. Include the following words 
in your explanation: 


boiling point; concentrated; condense; dilute; ethanol; 


evaporate; heated; water 


Exam-style question 


en produces carbon dioxide and 


Burning glucose completely in ox 
Compare and contrast the combustion and fermentation of glucose. 


(2 marks, 


77 


4 Describe what is meant by 
‘anaerobic conditions’. 


"t 5 Explain why a grape 

and water mixture must 
be kept at a certain 
temperature when making 
wine 


"$6 Explain why beers 
rarely have an alcohol 
concentration greater 
than 10%. 


How confidently can you answer 
the Progression questions? 


$1. Draw a flow chart to show 
the stages involved in the 
production of a highly 
concentrated alcohol solution 
from a source of plant 
carbohydrates. 


E1 In industry, ethanol can be 
produced by fermentation 
using a continuous process, 
in which the reaction is 
constantly kept going. Write 
a balanced equation for the 
fermentation of glucose 
(C,H,,0,), and explain what 
would need to be done to 
keep this reaction going at a 
constant rate in a continuous 
fermentation system. 


Progression questions 


‘+ What are the names, formulae and structures of the four smallest alcohols? 
‘+ What functional group is present in all alcohols? 
+ What are some chemical properties of alcohols? 


‘oxygen aim 

oe a, 
ethane ethanol 
CH, C,H,OH 


Ethane and ethanol are both organic 
compounds but are in different 


homologous series. 


3 1 Explain what is meant by 
an homologous series. 
@? 


Describe one difference 
and one similarity in the 
structures of ethane and 
ethanol. 


Ethanol, propanol and butanol 
are used in perfumes for two 
main reasons. They are all good 


solvents and readily dissolve the 
ingredients. They also evaporate 
easily, which helps to spread the 
perfume's aroma. 


3 3° Describe the difference 
in molecular structure 
between propanol and 
butanol. 


Hexanol has six carbon 
atoms. How many 
hydrogen atoms does 
hexanol have? 


@- 


Organic compounds have a central framework of carbon atoms, onto which 
hydrogen and other atoms are attached. Ethanol, for example, is organic and 
has a central framework of two carbon atoms joined by a covalent bond. 


Ethanol differs from a similar organic compound called ethane by having an 
additional oxygen atom. Ethanol and ethane have very different properties 
and are each in a different family or homologous series of compounds. Ethane 
belongs to the alkane series and ethanol belongs to the alcohol series. 


Compounds in the same homologous series have the same general formula, 
have similar chemical reactions and display a trend in properties. Their 
names are also similar. All alcohol names end in ‘-anol' and have the general 
formula C,H,,,,OH (where n stands for a number). 


methanol | CH,OH 4 
H-G-0-H 
H 
ethanol C,H,OH Hu 
H-C-G-O-H 
HH 
propanol —_| C,H,OH HHH 
HE-G-6-04H 
HHH 
butanol ,H,OH HHH 
PSV arora tier 
HHHH 


B The naming of compounds uses a set of rules produced by the International Union 
of Pure and Applied Chemistry (IUPAC). 


All alcohols have simitar chemical properties. They all: 


* produce carbon dioxide and water on complete combustion, for example: 
CHOH+ 30, >  2C0, +3H0 
ethanol + oxygen —> carbon dioxide + water 

* canbe oxidised to form compounds called carboxylic acids (see $C23¢) 


+ react with reactive metals, such as sodium, forming hydrogen gas as one 
of the products. 
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ae 
] 
ethanol 


propanol 


methanol 
C Alcohols react with sodium metal but their reactivity depends on carbon chain length. 


The atom or group of atoms in a molecule that is responsible for its main 
chemical reactions is called a functional group. Alcohols have similar 
chemical properties because they all contain one -OH functional group. 


Alcohols have some important uses. Many alcohols are used as solvents for 
cosmetics, medical drugs and varnishes, Methanol and ethanol are widely 
used as fuels and can be made from renewable sources, Scientists are now 
working on developing processes to make propanol and butanol fuels from 
renewable sources, such as by fermenting plant cellulose using certain 
bacteria, 


The amount of energy stored in 4 litre of some different fuels 


Energy content (MJ dm") 
aan 8 
evs a8 
| 


methanol ethanol butanol petrol 
Fuels 


D Butanol has some advantages over some other alcohols used as fuels. 
£2 9 State three uses of alcohols. 


£2} 10 a Explain why butanol produced by fermentation will be a 
renewable fuel. 


& b Use chart D to suggest why scientists are interested in using 
butanol as a fuel. 


| The third member of the alcohol series has the molecular formula C,H,OH. 


a Name this alcohol. (1 mark) 
b Describe the functional group in this molecule. (2 marks) 
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5 Pentanol is an alcohol 
with five carbon atoms. 


a State its molecular 
formula. 


b Drawa structural 
formula for pentanol 
and circle the functional 
group. 

6 Describe three chemical 
properties of pentanol. 


£53 7 a Write a word equation 
for the combustion of 
butanol. 


&23 > Writea balanced 
equation for the 
combustion of butanol. 


2 8 What trend in reactivity is 
shown in diagram C? 


How confidently can you answer 
the Progression questions? 


‘$1 Construct a table showing the 
names, formulae, structural 
formulae and functional groups 
of the four simplest alcohols. 


E1 Explain, by referring to 
‘structures and properties, 
why the alcohols are an 
homologous series. 


Investigate the temperature rise produced in a known mass of water by the combustion of the alcohols ethanol, 


propanol, butanol and pentanol. 


AMost modern car engines can run 

‘ona fuel that is 90% petrol and 10% 
ethanol (often called E10), Some cars 
can run on fuels containing much higher 
proportions of ethanol, such as E85. 


clamp 


conical flask 
thermometer 


100.cm* water 


draught screen/ 
insulation 


alcohol burner 


B investigating energy in fuels 


Traditional fossil fuel energy resources are running out, and their use is 
also considered to be damaging our environment, We therefore need to 
find new sources of ‘clean’ energy. For example, ethanol, formed by the 
fermentation of sugars, is added to petrol to make it ‘greener’. Scientists 
are now investigating ways of making engines that use other alcohols 

that are, at present, more difficult to obtain from renewable sources. 
There are a number of different characteristics that have to be considered 
when comparing fuels, These include availability, cost, toxicity, ease of 
combustion, environmental effects and the amount of energy released per 
unit mass. 


You will investigate and compare the energy given out by the combustion 
of different alcohols. To do this, you will measure the temperature rise of 
‘a known mass of water caused by the combustion of ethanol, propanol, 
butanol and pentanol, 


Wear eye protection. Do not refill the alcohol burner if there are any naked 
flames nearby. 


‘A Measure the mass of an alcohol burner and cap. Record the mass and 
the name of the alcohol. 

B Place the alcohol burner in the centre of a heat-resistant mat. 

Use a measuring cylinder to add 100m? of cold water to a conical flask. 


D_ Measure and record the initial temperature of the water and clamp the 
flask above the alcohol burner. 

E Light the wick of the burner and allow the water to heat up by about 
40°C. 

F Replace the cap on the burner and measure and record the final 
‘temperature of the water. 


G Measure the mass of the alcohol burner and cap again and record the 
mass. 


H Calculate the mass of the alcohol burned to produce a 1°C rise in 
temperature. 


1 Repeat steps A to H using fresh, cold water and a different alcohol. 
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Core practical - The combustion of alcohols 


« 
a 
« 


1 Lookat the list of steps in the method described on the previous page. 
a List six pieces of apparatus required for this investigation. 


(G3 marks) 

b State the dependent and independent variables. (2 marks) 
© Explain why fresh water has to be used when repeating the 

experiment. (2 marks) 


d_ State the measurements made during the investigation. (4 marks) 
2 Look at the investigation apparatus set up in diagram B. 


‘a Describe how the position of the flask and the alcohol burner 
will need to be controlled during each repeat. (1 mark) 


b Explain the purpose of the draught screen/insulation. (1 mark) 
© Describe another safety precaution that will need to be taken, 


in addition to wearing eye protection. (mark) 
3 a State four possible sources of error in the investigation 
described on the previous page. (4 marks) 
b State the main source of error in this investigation. (1 mark) 
4& The results obtained by investigating two alcohols are shown in 
table C. 
a Calculate the mass of alcohol burned and the temperature rise 
produced for each of the alcohols. (4 marks) 
b By analysis of the results in table C, which of the two alcohols 
releases more energy for each gram burned? marks) 
Initial mass of burner + cap (g) 291.60 | 284.25 
Final mass of burner + cap (g) 29050 | 285.25 
Initial temperature of 100cm’ water (°C) | 20 20 
Final temperature of 100cm? water °C) | 59 62 | 
c 


5 In another experiment, 1.5g of butanol produces a temperature 
rise of 50°C in 10cm? of water. Calculate the mass of butanol 
that needs to be burned to cause a 1°C rise in the same volume 
of water. (1 mark) | 


‘+ How are carboxylic acids produced? 


+ What are the names, formulae and structures of the first four carboxylic acids? 
+ How does the functional group in all carboxylic acids influence their chemical properties? 


‘An oxygen molecule collides 
with the functional group of an 
ethanol molecule and two 


a 


hydrogen atoms are removed. 
The carbon atom that 
has lost the hydrogens 
forms a double bond 
with an oxygen atom. 
ethanol m™y, 
The hydrogen atoms from - 
the ethanol combine with 
an oxygen atom to form a ; 
water molecule. water chee 
A oxidising ethanol 


Many chip shops do not use methanoic acid 


vinegar produced from fermented 


If wine is left open to the air, it turns into vinegar due to 
a reaction between ethanol and oxygen. The product is 
ethanoic acid, which is responsible for the distinctive 
sharp taste of vinegar. This oxidation reaction, shown 
in diagram A, occurs naturally due to the presence of 
certain bacteria. Vinegar can be made from any dilute 
ethanol solution like wine, cider or beer. 


@: 
®e 


Ethanoic acid is a member of an homologous series 
called the carboxylic acids. The first four members of 
the series are shown in table C. 


What substance produces the sharp taste of 
vinegar? 


Describe the loss and gain of atoms when an 
ethanol molecule is oxidised. 


they use diluted 
ethanoic acid 
made from crude 


ethanoic acid 


alcohol. instead 4 


CH,COOH 


oil. It has exactly 
the same taste 
as the more 


propanoic acid 


H,COOH 


expensive natural 
vinegar, but must 
be labelled as 
‘non-brewed 


butanoic acid 


CH,COOH 


condiment’. 


C the first four carboxylic acids 


All carboxylic acids have the general formula C,H.,,, COOH and contain the 


SE3 3 The fifth carboxylic 
acid is called pentanoic 
acid. Draw its structural 
formula and circle the 
functional group. 


GH,OH + 


=COOH functional group. They are often formed by the gentle oxidation of 
alcohols using oxidising agents such as hot copper oxide. For example: 


cu0 = -GH,COOH + HO + Cu 


propanol + copper(|!) oxide -» propanoic acid + water + copper 
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3 4 What carboxylic acid is formed by the oxidation of methanol? 
5 Write word equations for the following oxidation reactions. 

€Z} a methanol + copperil) oxide 

3 b ethanol + copper(Il) oxide 

The carboxylic acids have similar chemical properties. They all: 


+ form solutions with a pH less than 7 (if soluble) 

* react with metals to form a salt and hydrogen 

* react with bases to form a salt and water 

* react with carbonates to form a salt, water and carbon dioxide. 

The acidic properties are due to the presence of the -COOH group. In 
solution this group forms a hydrogen ion, while the rest of the molecule 


forms the negative ion that makes the salt. For example, propanoic acid 
forms propanoate ions, which make propanoate salts. 


D the first three carboxylic acids 
reacting with magnesium, 


The equation for the reaction between magnesium and propanoic acid is: #: Tooleit pict 


2CH.COOH + Mg + MgiGH,COO), + +H, $= Witeword equations 
propanoic acid + magnesium + magnesium propanoate + hydrogen for the three reactions. 
Vinegar can be used to test for carbonate rocks like chalk and limestone SEP Suggest what the 
(calcium carbonate). The ethanoic acid 'fizzes, producing carbon dioxide gas. reaction between 
ethanoic + calcium > calcium + water + carbon oimsntoaptt 
acid carbonate __ethanoate dioxide took like. 
7 Write word equations for the following reactions. 
SEB a methanoic acid + lead(l) oxide 
2 b butanoic acid + zinc carbonate 
8 When ethanoic acid is added to sodium hydroxide solution the 
temperature increases How confidently can you answer 
3 ‘a Name the products of this reaction. the Progression questions? 
3 b Suggest two possible names for this type of reaction. (Strengthen 


S1 Construct a table showing the 
names, molecular formulae, 


functional groups and salts 
formed for the four simplest 
| a. Suggest names for the compounds with the formulae C,Hj0H and | carboxylicackis 
GH,COOH. (2marks) 
b Name the type of reaction that changes C,H,0H into C,H,COOH. E1 Compare and contrast 
(1 mark) alcohols with carboxylic acids. 
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‘+ What is a polymer? 


+ What monomers join together to form DNA, starch and proteins? 


* How do ethene molecules join together to form poly(ethene)? 


Plastics are made from polymers, A polymer is a large 
molecule made from lots of small molecules, called 
monomers, joined together. The process in which 
monomers join together is called polymerisation. 


A polymer has a high average relative molecular mass, 
anything from tens of thousands to millions. The 
polymer molecules can be different lengths, so they 
cannot be given a specific relative molecular mass. 


Poly(ethene), more commonly known as polythene, 

is a polymer formed when a large number of ethene 
monomers join together. Ethene molecules have a 
double covalent bond between the carbon atoms. One 
of the bonds in the double bond breaks open and 
another ethene molecule adds on. This process happens 
again and again, forming a long chain. The process in 


APolytunnels, used for growing crops, are made from which monomers add together in this way is called 


poly(ethene), 


1 Describe what is meant by 
a polymer. 


State the type of bonds 
between the carbon atoms 
in ethene. 


One of the first synthetic polymers 
was polyoxybenzylmethyl- 
englycolanhydride. It was invented 
in 1907 by Leo Baekeland (1863- 
1944), and called Bakelite. Early 


telephones were made from it. 


addition polymerisation, 


HOH HO OH HOH HOH HOH othene 


yad  beKbeKbek ba’ molecules 


| a ere A eee lia are GS er a rm SEES 


H HOH HOH HH HH H 
addition - 
polymerisation 
HH HH HH HH HH part of a 
ti 
HH HH HH HH HH (polymer) 


B the formation of poly(ethene), shown using structural formulae 


This can be written as an equation: 


H. H a4 
n Yat ——+ 46-6 
rN ies 
H H HH 
a 


repeating unit 


1D In the equation for the formation of poly(ethene), n is a very large number. The 
repeating unit is shown in brackets with the subscript n, 
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Addition polymerisation 


Equations for polymerisation show the structural formulae of the monomer 
and the repeating unit. The repeating unit shows how the monomer has 
changed and how it repeats throughout the polymer chain. The repeating 
unit does not have a double bond but has bond lines passing through the 
brackets to show that there is another repeating unit joined on each side. 


Poly(ethene) is a synthetic polymer as it is manufactured in a laboratory or 
factory. 


£2} 4 State the type of polymerisation that takes place when ethene 
forms poly(ethene). 


Draw a part of a poly(ethene) molecule, showing two repeating 
units. 


Describe how the repeating unit in poly(ethene) differs from the 
monomer. 


pe 


Naturally occurring polymers 


Some substances, such as DNA, starch and proteins, are naturally occurring 
polymers. 


DNA is made from four different monomers called nucleotides. Starch is 
a polymer made from a sugar called glucose. Proteins are polymers made 
from amino acids. 


part of protein molecule amino acid monomers. 
breakdown (digestion) x % 
hy hy ty * 
er i lis al 
part of starch molecule glucose monomers. 


Describe the difference between a synthetic polymer and a 
naturally occurring polymer, and give an example of each. 


State the name of the types of monomers that make up DNA. 


State the name of the naturally occurring polymer made from 
amino acids. 


Write an equation to show the formation of poly(ethene) from ethene, 
showing the structures of the monomer and the polymer, (2 marks) 
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Describe how ethene molecules join together to form poly(ethene). 


:. nucleotide: 


E part of a DNA molecule 


How confidently can you answer 
the Progression questions? 


S1 State the meanings of these 
terms: monomer, polymer, 
addition polymerisation. 

S2 State the names of the types 
of monomers that make up 
these polymers: 

a DNA b starch ¢ protein. 


E1 Explain, with the aid of 
diagrams, how two ethene 
molecules join together to 
form part of a poly(ethene) 
molecule. 


* How do chloroethene molecules join together to form poly(chloroethene)? 


+ How do you deduce the structure of a monomer from the structure of a polymer and vice versa? 
+ How are the uses of a polymer related to its properties? 


\poly(tetrafluoroethene) 
(common name: PTFE) 


— poly(propene) 
(common name: 
polypropylene) 


poly(ethene) 
(commen name: polythene) 


6 


A There are many different polymers and their uses depend on their properties. 


Give the name of the 
polymer formed from 
butene. 


3. 


FB 2 Give the name of the 
monomer used to form 


poly(methylpropene).. 


Tetrafluoroethene has the 
formula C,F,and has a C=C 
double bond. 


a Draw the structure 
of tetrafluoroethene, 
showing all the covalent 
bonds. 


b Draw the 
repeating unit of 
poly(tetrafluoroethene). 


poly(styrene)— = The name of a polymer is in the 

(common name: ~~ form of ‘poly’ followed by the name 

polystyrene) of the monomer in brackets, where 
» ‘poly’ means ‘many’. Some polymers 


have common names as well, such 
as polythene for poly(ethene). 


poly(chloroethene) 


Poly(ethe is fe »d whi 
Toortnon names PUG) ly(ethene) is formed when 


thousands of ethene molecules 
undergo addition polymerisation. 
Many other polymers can be made 
from alkene monomers because 
they all contain a C=C double 
bond. The general equation for any 
addition polymerisation is: 


x 
pq —— 
Zz 
n 


repeating unit 
Bin the general equation for addition polymerisation, W, X, Y and Z represent the 
atoms or groups of atoms attached to the C=C double bond in the monomer. Notice 
that these remain the same in the polymer. 


<-0-s 
N-O-x 


Diagram C shows the equation for making poly(propene) from propene. 
There are only two carbon atoms in the carbon chain in the repeating unit. 
All the other atoms or groups of atoms that were attached to the carbons 
joined by the double bond remain in the same places. 


H H HoH 
oa 4 11 
n b= ———» +-c~c 
rN I 
ba CH, H CH. 


n 
‘equation for the formation of poly(propene) 


You can work out the structure of the monomer from the formula for the 
polymer. Remove the brackets and the extension bond lines that go through 
them, and then draw a double bond between the two carbon atoms. Keep all 
the other atoms or groups of atoms the same. 


186 


Polymer properties and uses 


For example, for poly(chloroethene): SE} 4 Apolymer, x, has the 
repeating unit: 


GH cl H 

i bs 

HH H H rf 
” HH 


repeating unit monomer n 
D the structural formulae for the repeating unit and monomer of poly(chloroethene) E polymer X 
Polymers have different uses depending on their properties. Table F shows. Draw the structure of the 
some common examples. New polymers are being developed all the time. For monomer that formed 
example, hydrogels are polymers that can absorb 500 times their own mass polymer X. 
in water, making them useful for soft contact lenses and nappy linings. 
poly(ethene) poly(propene) | poly(chloroethene) poly(tetrafluoroethene) 
polythene polypropylene | polyvinyl chloride, PVC _| PTFE, Teflon™ 
flexible, cheap, | flexible, does _| tough, good insulator, can | tough, slippery 
good insulator | not shatter be made hard or flexible 
plastic bags, plastic buckets and window frames, gutters, | non-stick coatings for frying pans 
bottles, clingfilm, | bowls,crates, | pipes, insulation for and kitchen utensils, burette taps, 
polytunnels, ropes, carpets _| electrical wires stain-proofing clothing and carpets 


F some polymers and their uses 


5 Select a polymer from table F that could be used to make each of How confidently can you answer 


the following items, and give a reason for your choice. the Progression questions? 
{EB} a acoating fora table that stops dust sticking to it “Strengthen 
EB b abucket and spade to use at the seaside $1 Give reasons that explain why: 


‘a PVCis used as a covering 
‘on electrical wires 

b PTFE ‘is used as a coating 
on frying pans. 


Old-fashioned waterproof coatings for clothing fabrics could keep water 
out but would not allow water vapour released as sweat to escape. This 


meant that the fabric still got wet on the inside. Modern polymer coatings Extend 


for fabrics have now been developed that keep water out but also allow 


water vapour from sweat to escape so the wearer stays dry, E1 Draw the structure of the 


monomer used to form 
poly(ethenol). The repeating 
unit of the polymer is: 


Mi 
a) 
n 


| Draw a diagram to show part of a poly(propene) molecule formed from 
| two propene molecules. The structure of the monomer is shown in 
diagram C. (2 marks) G poly(ethenol) 
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+ [BlWhat is meant by condensation polymerisation? 
* HB Which two functional groups react together to form a polyester? 
+ [HB How do you draw the structure of a polyester? 


Many plastic bottles are made from PET (poly(ethylene terephthalate)), 
which is a polyester. The bottles are strong, lightweight, shatter-resistant 
and can be recycled. They can be made into items such as plastic garden 
furniture or into fibres for use in items such as carpets and fleece jackets. 


Polyesters are synthetic polymers made by condensation polymerisation in 
which the monomers join together and eliminate a small molecule, such as water. 


3 1 State two properties of PET bottles. 
3 2. State two items that can be made from recycled PET. 
& 3. State what is meant by condensation polymerisation. 


Organic compounds contain a functional group. A functional group is an 
atom or group of atoms that is responsible for the properties and reactions 
of the compound, The functional group in alcohols is -OH and in carboxylic 
acids it is COOH. Esters are organic compounds that contain the functional 
group -COO-, which is drawn as: 


‘A Most plastic drinks bottles are made 9 
from PET. —Ct-0— 


B the ester functional group 


Esters are formed when a carboxylic acid reacts with an alcohol, in the presence 
of a catalyst. This is a condensation reaction because water is also produced. 


carboxylic acid + alcohol + ester + water 


For example, ethanoic acid reacts with ethanol to form an ester, called ethyl 
ethanoate, and water. 


HO H HOH 
oe Oi... 

| 4 

ethanoic acid ethanol ethyl ethanoate 


- : . 
SB} 4 Write the equation for C This equation shows the formation of an ester from ethanoic acid and ethanol. The 


piseciriaiey Heo atoms in the red oval join together to form water. The yellow circle shows the ester link. 
and methanol (CH,OH), polyester is a long-chain molecule that contains many ester links (in 
showing the structures _yellow in diagram C). The monomers that form a polyester contain alcohol 
ofthe reactants and the and carboxylic acid functional groups. To form a long chain, each monomer 
product. must have two functional groups, one at each end of the molecule. 


monomer with two 
carboxylic acid groups 


monomer with two 


alcohol groups 


repeating unit of a polyester 


D This equation shows the formation of a polyester. The atoms shaded in red are eliminated from the monomers to 
form water. The group shaded in yellow is an ester link. Polyesters contain many ester links along the polymer chain. 


Different polyesters can be formed by using monomers with different 


numbers of carbon atoms. 


5 Apolyester is formed from the following monomers: 


E polyester monomers 


is formed. 


HHH 


a Write the equation for the formation of this polyester. 
b Highlight the ester link in the polyester. 


Explain how a molecule of water is formed each time an ester link 


Polyesters are also used in the manufacture of synthetic fibres for weaving 


into fabrics for clothes and sheets. 


Polyamides are another type of condensation polymer. 


F Many items of clothing are made from 
polyesters or a mixture of polyesters 
and natural fibres such as cotton 


Nylon is a common synthetic 
polyamide formed by 
condensation polymerisation. 
Wallace Carothers (1896-1937) 
first produced it in 1935, Nylon 


was intended as a replacement 
for silk and was used to make 
parachutes and stockings during 
World War I. It is still used for 
parachutes but now has many 
other uses including cookware 
and car components. 


(1 mark) 


How confidently can you answer 
the Progression questions? 


$1 Explain what is meant by 
condensation polymerisation. 

$2 Write the equation for the 
formation of a polyester from 
these monomers: 


fo} 
ee 
H—o—C—C—C—0-H 


E1 Write the equation for the 
formation of the polyester 
formed from HOOC(CH,),COOH 
and HO(CH,),OH, showing all 
the bonds in the reactants and 
products, 


SC24d Problems with polymers 


Specification reference: 9.23C; C9.24C 


Progression questions 


+ What problems are associated with 


making polymers? 


+ What problems are associated with the disposal of polymers? 


* What are some advantages and disadvantages of recycling polymers? 


zi eee 8 


Crude oil is separated into fractions by 
fractional distillation. The fractions are further 
purified, cracked and refined to produce useful 
chemicals. Most of the monomers needed to 
make synthetic polymers are obtained from 
crude oil. Crude oil is a finite resource and is 
non-renewable, so chemists will need to find 
new sources of monomers in the future. 


Materials such as wood and paper are 
biodegradable. This means that they rot 
because microbes can feed on them and break 
them down, Most synthetic polymers are 
useful for many purposes because they are not 
biodegradable and so they last for a long time. 


A The extraction and transport of crude oil can have disastrous However, this also means that they do not rot 


consequences for wildlife 


B These plastic items were found in the 
stomachs of dead albatrosses in Hawaii 
The plastics are non-biodegradable and 
so they will not rot if they get into the 
sea, The albatrosses, such as the one in 
the photo, mistake the items for food. 


when they are thrown away. 


& 1 State the meaning of the term ‘biodegradable’. 
2 Most synthetic polymers are non-biodegradable. State why this is: 


2 a anadvantage _—b a disadvantage. 


Over half of the rubbish in the UK goes to landfill sites. The non-biodegradable 
plastic materials in the rubbish will last for many years. Some waste is 
incinerated (burned) and the energy released can be used to generate 
electricity. However, all plastics produce carbon dioxide, a greenhouse gas, 
and some plastics produce toxic substances when they burn. Most of these 
toxic substances can be removed from the waste gases, but this forms toxic 
ash, which must be disposed of safely. 


We can reduce the amount of waste that goes into incinerators or landfill 
sites by reducing the amounts of materials we use and also by reusing 
materials. For example, we can reuse plastic bags rather than just throwing 
them away after a single use. If an item cannot be reused any more, it may 
be possible to recycle it by processing it to make a new item. This will also 
help to conserve the supplies of crude oil. 


] 3 State three ways of disposing of plastics. 


> 4 Describe why incinerating synthetic polymers can cause problems. 
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th polymer 


5 Explain the difference between reusing and Symbol polymer vues 
recycling. 
& poly(ethylene some bottles, food 
It is difficult to recycle polymers because many steps are : terephthalate) trays, duvet fillings 
needed to obtain a new item. The main steps are outlined re 
below & high-density ‘some bottles, 
poly(ethene) buckets 
i Collect the waste - this may involve kerbside collection dese 
or people taking it to a collection point. LS Ponce) ooh caine 
ii Sort the waste into different types of polymer - this mM 
is often done by hand, which is time-consuming and LS low-density cling film, bags 
expensive, ios poly(ethene) 
iii Dispose of waste that cannot be recycled in a landfill site & poly(propene) —_crisp packets, carpet, 
iv Clean the polymers and grind them into chippings. + rope 
v_ Purify the chippings. poly(styrene) ‘egg boxes, foam 
vi Melt the chippings then process them into a new product. LS packaging 
Ps 
To make the sorting of polymers easier, codes and symbols & other polymers 
are used on plastic items to show what they are made of. ee 
These are shown in table C. The majority of recycled items : 
are those with recycling symbols 1 or 2. C polymer recycling symbols 
Did you know? 
Chemists are developing new polymers that are biodegradable. 
For example, poly(lactic acid) is made from cornstarch, Giecknon 


Da biodegradable bag will rot 


823 6 Identify the steps in recycling polymers that require energy. State 
what the energy is used for. 


Polymers persist for a long time in landfill sites. State one way in which 
this problem can be overcome, (1 mark) 
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How confidently can you answer 
the Progression questions? 


Strengthen 
S1 Describe some problems 
associated with: 
a the starting materials for 
polymers 
b the disposal of polymers. 
S2 Describe the advantages and 
disadvantages of disposing of 
plastics by: 


a putting them in landfill 
sites 


b burming them. 


Extend 


E1 Evaluate the advantages and 
disadvantages of recycling 
polymers. 


Alcohols and carboxylic acids 


When heated together, acidified potassium dichromate solution oxidises propanol to form propanoic acid. The reaction 
can be modelled using this balanced equation (where 2{0] represents two oxygen atoms added in the reaction): 


CH,CH,CH,OH + 2[0] - CH,CH,COOH + H,0 


Propanol and ethanol are members of the alcohol homologous series. Propanoic acid and ethanoic acid are 


members of the carboxylic acid homologous series. 


Describe how ethanoic acid can be produced from sugar. The first step is to obtain a concentrated solution of 


ethanol. You may use equations if you wish. 


(6 marks) 


Dissolve the sugar in warm water, then add yeast, Yeast 
enzymes catalyse fermentation, The reaction mixture 
must be kept at 25-35 °C so that the enzymes work at 
their best. An air lock is needed so that carbon dioxide 
can escape, but air cannot get in (1). 


Fermentation takes several days. When it is complete, 
remave the yeast by filtration [2]. Separate ethanol 
from the filtrate using fractional distillation. This 
works because ethanal has a lower boiling point than. 
water, 50 it is callected first (3). 


Use the concentrated ethanol solution to make 
ethanaic acid. Heat the ethanol with acidified 
potassium dichromate solution: 


CH,CH,OH + 2[0] > CH,COOH + H,0 


This works because ethanal and propanal are both 
alcohals. They have the same functional group and 
similar chemical properties (4). 


{1] The answer explains the temperature needed. It could 
also mention that fermentation is an anaerobic process, 
which is why air must be kept out. 


[2] The reason for filtering the reaction mixture is given, 


{3] The answer explains why a concentrated solution of 
ethanol can be produced by fractional distillation. 


{4] The balanced equation given in the question is applied 
to predict the reaction of ethanol, 


This is a strong answer. It shows good knowledge 
and understanding of the production of ethanol by 


fermentation, how to produce a concentrated solution of Make sure you are prepared to apply 
ethanol and the similarity in chemical properties between information and so can, for example, 
members of an homologous series, The answer is presented Predict the reactions of other members 
ina logical order with good use of appropriate terminology. of a given homologous series. 


192 


A modem aircraft is made from many different materials, 

certain properties making it suitable for particular parts, Chemists and 
neers test these materials to identify the substances the 

and to ensure they meet the required specifications, Titanium alloys form 

strong, heat-resistant engine parts, while low-density aluminium all 

are used for the frame and leading dges. Carbon fi 

composite materials are used for panels and floors, ceramics are use 

braking systems, and the windows are made from polymers. Nanoparticle 

coatings are being investigated in efforts to reduce drag. 


Previously you will have learnt at KS3: 


+ some properties of ceramics, polymers, metals and composite 
materials. 


In this unit you will lear 
= how to identify metal ions 
+ the chemical tests for various non-metal ions and for ammonia gas 


about instrumental methods of analysis and their advantages 
how to compare the physical properties of different materials 


what composite materials are 
how and why materials are chosen for particular uses 
about nanoparticles and their properties, uses and possible risks. 


$C25a Flame tests and photometry 


Specification reference: C9.2C; C9.7C; C9.8C; C9.9C 


ression question 
+ How are metal ions identified using flame tests? 


+ Why might chemists analyse substances using machines instead of chemical tests? 
+ Hows the information from flame photometers used? 


Flame tests are used to identify metal ions in 
substances. To carry out a flame test: 


i Light a Bunsen burner and open the air hole to give 
a hot blue flame. 

ji Pick up a small sample of the test substance using a 
wire loop. 

iii Hold the sample in the edge of the flame and 
observe the flame colour. 


The wire loop is cleaned in hydrochloric acid before 
testing each sample. Platinum wire has a high melting 
point and it is unreactive. It also gives no colour to the 
flame. However, nichrome alloy is often used instead 

A The yellow light from these street lamps is emitted when an _ Although it produces its own faint orange colour, it is 
electric current passes through a vapour of sodium ions. much cheaper. 


33 1 Wooden splints may be used instead of a wire loop. Suggest two 
reasons that explain why the splints are soaked in distilled water 
before use, 


Different metal cations produce different flame test colours (as shown in 
table C). Flame tests work with solid samples and with solutions, but flame 
colours from solids are easier to see. 


Metal ion Symbol Flame test colour 
lithium Li red 
sodium Na yellow 
potassium K lilac 
calcium Ca orange-red 
copper cu blue-green 
B Sodium ions produce a yellow flame 
est colour. Csome flame test colours 


je both 


Explain why potassium chloride and potassium 
produce lilac flame test colours. 


3. Predict the flame test colours produced by the following compounds. 


a CaCl, bNaSO, LINO, dd Cu,(PO), 
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Flame photometry 8.0. 
Machines can also be used to 

analyse substances. Compared 
to simple laboratory tests such 


A calibration curve for sodium ions in solution 


as flame tests, using scientific 


instruments may improve: 


sensitivity (they can detect much 
smaller amounts) 

accuracy (they give values closer 
to the true values) 


+ speed. 
The flame photometer measures the light intensity of the flame colours 
produced by metal ions, Its data is used to determine the concentration of a 
metal ion in a dilute solution. Graph D shows a calibration curve produced 
using different standard solutions, each containing known concentrations 
of the metal ion dissolved in distilled water. 


Light intensity (units) 


{2} 5 In graph D, sample 1 gives a light intensity reading of 4.6 units, 
so its sodium ion concentration is 0.018g dm’. A second sample 
gives a light intensity reading of 6.1 units. Determine its sodium 
ion concentration. 


The colour of light that we see in a flame test is usually a mixture of 
different colours. A flame photometer can separate out these colours to 
produce a spectrum of the light emitted by each metal ion, Different metal 
ions produce different emission spectra (shown in diagram E). A metal ion 
in an unknown solution can be identified by matching its spectrum to the 
spectrum from a known metal ion, 


E.emission spectra for some metal ions 


2 6 Compare and contrast the emission spectra shown in diagram E. 


| Explain why a flame test could not be used to identify the metal ions in a 
| mixture of lithium chloride and calcium chloride, (2 marks) 
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0.0. 
0 0.005 0.010 0.015 0.620 0.025 0.030 0.085 0.040 0.045 0.050 
‘Concentration of Na’ ions (g dm) 


Da calibration curve from a flame photometer 


4 Describe the relationship 
between light intensity 
and concentration shown 
in graph D. 


Robert Bunsen and Gustav 
Kirchhoff analysed the spectrum 


of light given off by heated 
mineral salts, Using this method, 
they discovered caesium in 1860 
and rubidium in 1861. 


How confidently can you answer 
the Progression questions? 


‘$1 How are metal ions in solids 
identified using flame tests? 

‘$2 How are the data from 
instrumental methods of 
analysis used? 


£1 Evaluate the use of flame 
tests compared to the use of 
a flame photometer. 


‘+ Why must the test for an ion only detect that ion? 
+ How are metal ions identified using sodium hydroxide solution? 


* How are ammonium ions and ammonia detected? 


A This stream is discoloured by metal 
ions in waste water draining from a 
mine. 


— 


NaOH(aq) CusO,(aq) 


CA blue precipitate of copper hydroxide 
forms when sodium hydroxide solution 
reacts with copper sulfate solution, 


Metal compounds dissolve in groundwater as it flows through mines. When 
it drains from the mines, the water contaminates rivers. One way to treat 
the water involves sodium hydroxide solution. This reacts with metal ions to. 
produce precipitates, which settle out and can be removed. 


Testing for metal ions 

Precipitation reactions involving sodium hydroxide solution form the basis 
of a test to identify dissolved metal ions. A few drops at a time of dilute 
sodium hydroxide solution are added to the test solution. Different metal 
ions produce different coloured hydroxide precipitates, as shown in table B. 


Fe 


iron(\l) green 
iron(iil) Fe* brown ™s 
copper | Cu blue * 
calcium | Ca white 

aluminium | AP* white 


B metal hydroxide precipitate colours for different metal ions 


For example, sodium hydroxide solution reacts with copper sulfate solution 
to form a blue precipitate: 


sodium hydroxide + copper sulfate > sodium sulfate + copper hydroxide 


2NaOH(aq) + CuSO,(aq) > Na,SO,(aq) + Cu(OH),(s) 


% 1 A few drops of sodium hydroxide solution are added to a 
colourless solution. A faint green precipitate forms. identify the 
metal ions present in the colourless solution. 


2 For the reaction between sodium hydroxide solution and iron(\!) 
chloride solution: 


ood a write the word equation 


423» write the balanced equation, including state symbols. 
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hydroxide ions to form solid iron(II!) hydroxide: 


423 3. Write the balanced ionic equation, including state symbols, for 
the formation of calcium hy 


1 
| Fe**(aq) + 30H"(aq) — Fe(OH), (s) 


Itis important that the test for an ion should only detect that ion. For 
example, calcium ions and aluminium ions both produce white hydroxide 
precipitates. You cannot distinguish between these without a further test. 
Aluminium hydroxide disappears to form a colourless solution when excess 
sodium hydroxide solution is added, but calcium hydroxide does not. 


4 Explain how you could use dilute sodium hydroxide solution to 
distinguish between calcium sulfate solution and aluminium 
sulfate solution, 


Testing for ammonium ions 

Dilute sodium hydroxide solution is also used to detect ammonium ions, 
NH,”, in a substance. Ammonia gas, NH,, is produced when the mixture 
containing ammonium ions is warmed. Ammonia has a characteristic sharp 
smell, but a confirmatory test is used to identify it. Ammonia changes the 
colour of damp red litmus paper to blue. 


5 Explain the meaning of the colour change seen when damp red 
litmus paper is used to test for ammonia. 


6 [Write a balanced ionic equation to show the reaction between 
aqueous ammonium ions and aqueous hydroxide ions, producing 
ammonia gas and one other product. Include state symbols. 


Ammonium iron(Iil) sulfate is a soluble solid used in waste water 
treatment. Describe how you could show that it contains ammonium ions 
and iron(II!) ions. (4 marks) 
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Aluminium sulfate is used to 
treat fresh water to make it 
potable (safe for drinking). 
Aluminium ions react with other 
ions in the water to produce an 
aluminium hydroxide precipitate, 
This catches tiny particles, such 
as rotted plant material and clay, 
forming a solid that sinks to the 
bottom of the treatment tank. 


Din another test for ammonia, a glass 
rod dipped in concentrated hydrochloric 
acid is held near the mouth of the test 
tube. A white smoke of ammonium 
chloride forms, 


How confidently can you answer 
the Progression questions? 


$1 How is sodium hydroxide 
solution used to identify 
positively charged ions? 


E1 To what extent can sodium 
hydroxide solution be used to 
identify all positively charged 
ions? 


$C25c Tests for negative ions 


Specification reference: C9,5C; C9,7C 


| Progression questions _ 


: , hs! 


+ How are carbonate ions and carbon dioxide detected? 
+ How are sulfate ions detected? 
* How are halide ions identified? 


A This geologist is testing tufa, a type of limestone rock, with 
dilute acid, 


"} 1 Describe how to detect 
carbonate ions in sodium 
carbonate solution. 

423 2 Write a balanced ionic 

equation to show the 
reaction between aqueous 
hydrogen ions (produced 
by acids in solution) and 
aqueous carbonate ions to 
form carbon dioxide gas 
and water. Include state 
symbols. 


Geologists carry out simple ‘acid tests’ on rocks. If a rock 
contains carbonate minerals, it produces bubbles when 
dilute hydrochloric acid is added to it, 


Testing for carbonate ions 

Just as there are simple chemical tests to detect and 
identify positively charged ions (cations), there are 
tests for negatively charged ions (anions). Carbonate 
ions, CO,*, are easily detected in solids and in solutions. 
‘Add dilute hydrochloric acid to the test substance 
and look for bubbling caused by the production of 
carbon dioxide. Since the bubbles could be due to a 
different gas, such as hydrogen, you should carry out 
a confirmatory test. If the bubbles do contain carbon 
dioxide, they turn limewater milky. 


carbonate and acid mixture 


limewater 


Busing limewater to confirm the results of a positive test for carbonate ions 


Testing for sulfate ions 

To detect sulfate ions in a solution, add a few drops of dilute hydrochloric 
acid. This acidifies the solution and removes carbonate ions that might 
also give a precipitate in the test. Then add a few drops of barium chloride 
solution. A white precipitate of barium sulfate forms if the sample contains 


sulfate ions, SO, 
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For example: 


magnesium , barium _, magnesium , barium 
sulfate * chloride ~” chloride * sulfate 


MgSO,(aq) + BaCl,(aq) > MgCl(aq) + BaSO,(s) 


EB} 3 Suggest a reason that explains why dilute sulfuric acid, H,SO, is 
not used to acidify the sample when testing for sulfate ions. 


S23 4 write an ionic equation, including state symbols, for the 
reaction between barium ions and sulfate ions. 


Testing for halide ions 
The halogens are the non-metal elements in group 7 of the periodic table. CA white precipitate of barium sulfate 
They form compounds that contain halide ions, such as F-, Cl, Br and I forms in a positive test for sulfate ions. 


Silver fluoride is soluble in water but the other silver halides are insoluble. 
This is the basis of the laboratory test for chloride, bromide and iodide 
ions, To detect these ions in a solution, add a few drops of dilute nitric acid. 
This acidifies the solution and removes carbonate ions that might also give 
a precipitate in the test. Then add a few drops of silver nitrate solution. 
Different coloured silver halide precipitates form, depending on the halide 
ion present (see table D and photo E). For example: 


potassium bromide + silver nitrate > potassium nitrate + silver bromide 


KBr(aq) + AgNO,(aq) >» —-KNO,(aq) + AgBr(s) 


iodide if yellow E silver halide precipitates 


Dsilver halide precipitate colours 


co 5 Explain why fluoride ions cannot be detected in the same way as 
chloride, bromide and iodide ions. 


£8} 6 Substance X gives an orange-red flame test result and produces How confidently can you answer 
a yellow precipitate when silver nitrate solution is added. Name the Progression questions? 
substance X. 


23.7 [Write an ionic equation for the reaction between silver ions 
and bromide ions. Include state symbols. 


1 How are negatively charged 
ions identified in chemical 
tests? 


Silver carbonate is an insoluble yellow solid. Suggest an explanation for E1 Explain why different dilute 
why dilute acid must first be added when testing solutions for halide ions acids are used in the tests for 
using silver nitrate solution, (3 marks) negatively charged ions. 
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Aim iN 


Identify the ions in some unknown salts, using the tests for the specified cations and anions. 


Analytical chemists use different techniques to determine which substances 
are present or absent. 


You will use laboratory tests to For all tests, wear eye protection and avoid skin contact with all the 
identify the cations and anions chemical substances. 

in some unknown salts. You can plamebestetorm ctaleations 

then work out the name of each 


Light a Bunsen burner and open the air hole to give a hot blue flame. 

B Pick upa small sample of a solid salt using a clean wire loop ora 
damp wooden splint. 

© Hold the sample in the edge of the flame. 

Observe and record the flame colour. 

Hydroxide precipitate tests for metal cations 

Dissolve a little solid salt in a test tube using distilled water. 

‘Add a few drops of dilute sodium hydroxide solution, one drop at a time. 


salt. 


Record the colour of any precipitate formed. 

Ifa white precipitate forms, add excess dilute sodium hydroxide 
solution to see if it will disappear to leave a clear solution. 
Testing for ammonium ions 

1 Dissolve a little solid salt in a test tube using distilled water. 

J Add dilute sodium hydroxide solution and then warm gently. 


xmraam 


A Analytical chemists work in many K Remove from the flame. Hold a piece of damp red litmus paper near 
areas, including chemical and forensic the mouth of the test tube. Record what happens to its colour, 
analysis, quality control, medical drug Testing for carbonate ions 


development and toxicology. 
L_ Puta little solid salt in a test tube and add a few drops of dilute acid. 


M_ Record whether any effervescence (bubbling) occurs, 

N_ Use limewater to check that any bubbles contain carbon dioxide. 
Testing for sulfate ions 

© Dissolve a little solid salt in a test tube using distilled water, 


P. Add a few drops of dilute hydrochloric acid, then a few drops of 
barium chloride solution. Record whether a white precipitate forms. 


Testing for halide ions 
Q Dissolve a little solid salt in a test tube using distilled water. 


R_ Add a few drops of dilute nitric acid, then a few drops of silver nitrate 
solution, Record the colour of any precipitate formed. 
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Core practical 


Copy diagram B. On your diagram, draw one straight line from 

each metal cation to its flame test colour. (5 marks) 
Some metal cations react with sodium hydroxide solution to form 
metal hydroxide precipitates. 


a Copy and complete table C. @ marks) 
b Describe a test to distinguish between aluminium hydroxide 
and calcium hydroxide. (2 marks) 


Halide ions can be identified using silver nitrate solution. Copy 
table D. Place a tick (v) in one box of each row to show the colour 

of the silver halide precipitate formed. (3 marks) 
Ateacher demonstrates how to carry out flame tests using a 

platinum wire loop. 

a Give two reasons that explain why platinum is a suitable metal 


touse. (2 marks) 
b Give a reason that explains why a luminous Bunsen burner 
flame is not suitable for flame tests. (1 mark) 


© The teacher uses hydrochloric acid to clean the wire loop between 
each test. Explain why the teacher cleans the wire loop. (2 marks) 
Describe the laboratory test for carbon dioxide. (2 marks) 


6 Astudent tests a solution of an unknown salt. He adds a few drops 


Of dilute nitric acid followed by a few drops of silver nitrate solution. 
a Give a reason that explains why he adds dilute nitric acid. (1 mark) 


b Explain why he should not use dilute hydrochloric acid instead 
of dilute nitric acid. (2 marks) 


Barium chloride is toxic. 


a Suggest a reason that explains why dilute barium chloride 
solution, rather than concentrated barium chloride solution, is 


used in tests to identify sulfate ions. (1 mark) 
b State and explain a suitable precaution to reduce the risk of 
harm when carrying out tests for sulfate ions. (2 marks) 


A solution of substance X gives a yellow flame test result. It produces 
a white precipitate when a few drops of dilute nitric acid are added 
followed by silver nitrate solution. Name substance X. (2 marks) 
Asolution of substance ¥ produces a green precipitate when 

sodium hydroxide solution is added. It produces a white 

precipitate when dilute hydrochloric acid is added followed by 

barium chloride solution. 


a Name substance Y. (2 marks) 
b  Onstanding, the green precipitate gradually turns brown. 
Suggest a reason that explains this observation. (1 mark) 
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Identifying ions 


lr ]e orange-red 
Nat |« red 
Ke blue-green 
cae |e yellow 
cur |e lilac 


aluminium, AP* 


calcium, Ca? 


white 


copper, Cut* 


iron(\\), Fe 


iron(Itl), Fe 


c 


chloride, Cl 


bromide, Br 


iodide, I" 


$C26a Choosing materials 


Specification reference: C9,38C; C9.39C 


| Progression questions 


+ What are ceramics? 
+ What are ceramics, polymers and metals like? 
+ How are materials chosen for a given use? 


A Bathrooms contain many different materials, including glass 
and clay ceramics, polymers and metals. 


B These new ceramic toilet fittings have just come out of a 
kiln, a type of oven. 


Ca modern window glass factory 


Glass and clay ceramics 

Ceramics are a range of durable compounds that 
change very little when heated. They are chemically 
unreactive, hard and stiff but brittle, They are also 
poor electrical and thermal conductors, and have high 
melting points. Ceramic materials consist of giant 
structures with many strong bonds (covalent or ionic), 
giving them their typical properties. 


“% 1. State the typical physical properties of 
ceramic materials. 


Brick, porcelain and china are clay ceramics. They 

are made from clay moulded into the desired shape. 
When the clay is heated to a very high temperature, 
tiny crystals form and join together, Bricks are usually 
decorated by adding a coloured substance to the clay 
before heating. A pattern may also be moulded into 
surfaces that will be visible in a finished wall, Porcelain 
and china are dipped in a ‘glaze’ and heated strongly 
again. The glaze forms the hard, waterproof, smooth 
surface you see on tiles, washbasins and toilet bowls. 


S83 2 Describe two properties of glazed clay 
ceramics that make them suitable for toilet 
bowls. 


Glass is made by melting sand, then allowing it to 
cool and solidify. Glass and clay ceramics have similar 
properties because they both have giant structures. 
However, the atoms in glass are not arranged in a 
regular way to form crystals, so glass is transparent 
rather than opaque. 


Modern window glass is made by the float process, 
Molten glass is poured onto a bath of molten tin, where 
it spreads out on the surface. The flat layer of glass is 
drawn away and cooled in a continuous process. 


*} 3. Describe two properties of glass that make it 
suitable for shower screens. 
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g materials 


Medieval glass windowpanes are often thicker at the bottom, but not 
because glass flows very slowly. Instead, itis a result of the way the glass 
was made. A disc of molten glass was spun to make it spread out thinly, 
then cut into shape. It was installed thicker end down to make it more 
stable in the window frame, 


Polymers 

Polymers are substances with high average relative formula masses. They are 
made from monomers ~ smaller molecules that join together to form repeating 
units. For example, poly(ethene) is made from ethene, and poly(chloroethene), 
or PVC, is made from chloroethene (see SC24 Polymers). 


Polymers can be moulded into complex shapes. The properties of a polymer 
depend on its structure and chemical composition, but polymers are usually 
strong and chemically unreactive. They are also poor electrical and thermal 
conductors. Rigid PVC is useful for underground pipes and window frames. D PVCand metal plumbing fittings 
PVC can be made softer by including substances called plasticisers in its 
manufacture. Flexible PVC is useful for indoor water pipes and waterproof 
flooring. 


Metals 

Most metals are strong, hard, shiny solids with high melting points (see SC7 
Types of Substance). They are good electrical and thermal conductors. They 
are also malleable, Different metal elements can be mixed together to 
form alloys. The alloys are often stronger than the individual metals (see 
C13 Transition Metals, Alloys and Corrosion). Metals can also be electroplated 
with an unreactive metal to improve their appearance or their resistance to 
corrosion. 


4 Describe two properties of 
PVC that make it suitable 
for making toilet seats. 


S25 Explain why bathroom taps are usually made from a metal 
electroplated with chromium. 


Explain why bathroom mirrors are made from a sheet of glass 
coated on the back with a layer of aluminium. 


5 ed 
The table shows some information about copper and PVC, a flexible polymer. | the Progression questions? 


‘$1 How are materials chosen for 
use in a bathroom? 


ae = a] 
Pvc | 1 22 
E1 Evaluate the use of different 
Explain, using information from the table, why electrical cables are made materials for a bench ata 
from copper surrounded by a layer of PVC. (3 marks) bus stop. 
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Specification reference: C9,38C; C9.39C 


Progression questions 


‘+ What are composite materials? 
+ What are composite materials like? 
+ How are materials, including composite materials, chosen for a given use? 


A composite material is a mixture of two or more materials, combined to 
produce a material with improved properties. The individual materials often 
have contrasting properties. The individual materials are also usually visible in 
the composite material, and can often be separated out by physical separation 
methods. Pykrete consists of ice and about 14% wood pulp. Tiny pieces of 
wood can be seen in pykrete, and they separate out when the ice melts. 


3 1 Magnalium is an alloy 
made from a mixture 
of magnesium and 
aluminium, Explain 
why magnalium is not a 
composite material. 


Proposals for a pykrete 
aircraft carrier were put 
forward in the 1940s, 
Suggest an explanation 
for why this was 
impractical. 


A The base of this ice dome is made from pykrete. Pykrete is almost half as strong as 
concrete but much more lightweight. 


Reinforcement and matrix 

Concrete is made by mixing cement, sand, aggregate (small stones and 
gravel) and water together. As the concrete sets hard, chemical reactions 
happen that bond the solid components together. The sand and aggregate 
form the reinforcement of the concrete. The reinforcement is bonded 
together by cement, which forms the matrix. 


Many composite materials are like this. For example, in fibreglass, thin glass 
fibres form the reinforcement and a polymer resin forms the matrix. Glass 
fibres are brittle but have a low density and a high tensile strength (they 

B These bicycle foite are made from resist being stretched). The polymer resin is hardwearing but not strong, The 
a carbon-fibre-reinforced polymer. combination of these properties produces a lightweight, strong and tough 

A liquid polymer resin is applied to a composite material, 

woven fabric made from carbon fibres. 

The resin sets hard and holds the fabric 3 Name the reinforcement and matrix in a carbon-fibre-reinforced 
in shape. polymer, 
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Concrete can be reinforced with steel. Table C shows some 
typical properties of concrete and steel. Compressive strength 
is a measure of how well a material resists being squashed. 


concrete 4 
steel 


C some properties of concrete and steel 


Concrete is strong in compression but weak in tension. It is 
suitable for road surfaces and for foundations, where it will 
mainly be squashed. However, concrete beams tend to crack 
along their lower surface, which is stretched when a beam carries 
a load (see diagram D), Steel is denser than concrete but has a 
much higher tensile strength. Steel-reinforced concrete consists 
of a framework of steel bars with concrete poured in and around 
it. The composite material formed is strong in tension and in 
compression, and is less dense and cheaper than steel alone. 


Laminates 


Wood is a natural composite material consisting of cellulose 
fibres in a matrix of a polymer called lignin. It is stronger along 
its grain than it is across its grain, Plywood typically consists of 
odd numbers of thin sheets of wood, each glued at right angles 
to the sheet below (see diagram E). 


wood (along the grain) 


cracks form 
LOAD 


‘steel bar in tension 


D Steel-reinforced concrete resists cracking much 


better than concrete alone. 


along the 


SX SS 
layer glued at Ss 
right angles to the 
layers above and below 


E In plywood, the glue that sticks the layers together 
forms part of the composite material, 


wood (across the grain) 


80 
A | 


How confidently can you answer 
the Progression questions? 


25-40 


plywood (various directions) 


F example wood and plywood strengths 


when stretched than when it is squashed. 


the surface of steel-reinforced concrete. 


table F in your answer. 


(2 marks) 


Explain the meaning of the term ‘composite material’. 
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Explain, using information from table C, which material is stronger 


‘Suggest reasons that explain why steel should not be exposed at 


Compare and contrast plywood with wood, Use information from 


{Strengthen 
$1 What are the advantages of 
building a road bridge from 
steel-reinforced concrete, 
rather than from steel or 
concrete alone? 


E1 Evaluate the use of papier 
maché, expanded polystyrene 
or clear polymer made from 
recycled drinks bottles, to 
make egg boxes. 


Progression que: 


‘+ Why do nanoparticulate materials have different properties from bulk materials? 
‘+ What are some of the uses of nanoparticles? 
‘+ What are some of the possible risks from nanoparticles? 


sah op sere, pag 
. a gold nanoparticle » 
me yam ag 
4 We” 
ere 


‘immunogold labelling’ allows 
biologists to investigate the different 
types of cells in a tissue. Gold 
nanoparticles are joined to antibody 
molecules, which then attach to the 
surfaces of certain cells, 


B Michael Faraday (1791-1867) 
prepared the first pure sample of 
nanoparticulate gold in 1857, The pink 
colour in Faraday's nanoparticulate 
gold is caused by the way nanoparticles 
scatter light. 


Lumps and powders are examples of butk materials, and consist of huge 
numbers of atoms. Nanoparticles typically consist of just a few hundred 
atoms, and are 1-100nm in size. Nanoparticles are larger than atoms (e.g. an 
oxygen atom is 0.1 nm in diameter) and simple molecules. Nanoparticles are 
smaller than cells (e.g. typical bacterium is 1000nm tong). 


A gold nanoparticle is 32 nm in diameter. 
@ Calculate its diameter in metres, m. 
Inm=1*10%m 
32nm = 32 x 10°m =3.2 *10%m 


b The diameter of a gold atom is 0.28 nm. Estimate how many times 
larger the gold nanoparticle is compared toa gold atom. 


Rounding each number to 1 significant figure gives 30nm and 0.3nm. 


Number of times larger = 3 =100 


co] 1 a Agold nanoparticle is 83 nm in diameter, Calculate its diameter 
in metres, m. 


SE} __b The diameter of a methane molecule is 0.41 nm. Estimate how 
many times larger the gold nanoparticle is compared toa 
methane molecule. 


Nanoparticulate materials 

Nanoparticles occur naturally. However, modern applications involve 
manufactured nanoparticles. Substances that consist of nanoparticles are 
described as being nanoparticulate. The uses of these materials depend 
on the small size of the nanoparticles, and their large surface area to 
volume ratios. 


‘Smaller gold nanoparticles suspended in water give a red colour, while 
larger ones give a purple colour. 
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Nanoparticle: 


A cube-shaped nanoparticle has sides of 20nm. 
a Calculate its total surface area. 
surface area = 6 x 20 x 20 = 2400nm? 
b Calculate its volume, 
volume = 20 x 20 x 20 = 8000nm’ 
¢ Calculate its surface area to volume ratio. 


surface area to volume ratio = 2402 - 93, 
3000 


Uses of nanoparticulate materials 

Titanium dioxide in bulk is a white solid. It absorbs harmful ultraviolet radiation 
present in sunlight, which may cause skin cancer, Nanoparticulate titanium 
dioxide is transparent because its particles are very small, but it still absorbs 
ultraviolet radiation. This makes it useful for almost-invisible sunscreens. 


3. Suggest an explanation for why nanoparticles are used in sunscreens, 


The very large surface area to volume ratios of nanoparticles makes them 
useful as catalysts. Stain-resistant clothes treated with nanoparticulate 
materials stay clean because the nanoparticles catalyse the breakdown 
of dirt 


4 Suggest two reasons that explain why titanium dioxide 
nanoparticles are used to provide a self-cleaning coating 
for windows. 


Risks of nanoparticles 

Some scientists are worried that nanoparticulate materials may pose 
hazards to human health and to the environment. The small size of 
nanoparticles allows them to be breathed in, or to pass through cell-surface 
membranes. Their large surface area to volume ratios may allow them 

to catalyse harmful reactions, or to carry toxic substances bound to 

their surfaces. The risks are difficult to determine because modern 
nanoparticulate materials have not been in use for long. 


5 Some socks are treated with antibacterial silver nanoparticles, 
stopping the socks from becoming smelly. Describe a possible 
environmental hazard caused by these nanoparticles. 


Give two reasons that explain why some scientists are worried about the 
possible effects of nanoparticulate materials on humans, (2 marks) 
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2 Acube-shaped 
nanoparticle has sides of 
2nm. Calculate its: 


a total surface area 
b volume 


¢ surface area to volume 
ratio. 


*"3  d Compare your answer 
to part ¢ with answer ¢ 
in Worked example W2. 
What happens to the 
surface area to volume 
ratio as nanoparticles 
become smaller? 


€ The cotton fibres in this electron 
microscope image are coated with 
titanium dioxide nanoparticles, which 
make them self-cleaning. 


How confidently can you answer 
the Progression questions? 


1 What are nanoparticulate 
materials? 

S2 State some uses and possible 
hazards of nanoparticles. 


E1 Evaluate the use of 
nanoparticles in sunscreens. 


Qualitative analysis 


A school technician finds some white crystals in an unlabelled beaker in the laboratory. 
‘The substance in the beaker could be sodium bromide, sodium sulfate, potassium bromide or potassium sulfate. 


Explain how the technician could use chemical tests to determine which of the four compounds was left in the 
(6 marks) 


beaker. You may include equations in your answer, 


‘The technician can use flame tests to find out 
whether the substance contains sodium ions or 
potassium ions (1). A small sample of the substance is 
held at the edge of a hot Bunsen burner flame using 
a clean flame test loop. Sodium ions will produce a 
yellow flame colour and potassium ions will produce 

a lilac flame colour (2), The technician will then need 
to find out whether the substance contains bromide 
ions or sulfate ions. A small santple of the substance 
is dissolved in distilled water and divided in two (3). 
A few drops of dilute hydrochloric acid are added (to 
remove carbonate ions that would give a precipitate), 
fallawed by dilute barium chloride solution, A white 
precipitate of barium sulfate forms if the substance 
contains sulfate ions: 


Bar (aq) + 50,” (aq) > BaSO,(s) \4) 
A fow deaps of dilute nitric acid are added, followed 
by dilute silver nitrate solution. A cream precipitate 
of silver bromide forms if the substance contains 
bromide ions. 


[1] Flame tests must be used because Na" ions and K* ions 
do not form precipitates with dilute sodium hydroxide 
solution (unlike Ca®, Al’, Cu’, Fe’ and Fe* ions). 


[2] The correct flame colours for the two metal ions are given. 


[3] The answer might equally well have started with the 
tests to identify sulfate ions and bromide ions, rather than 
with the flame tests, 


{4] The answer includes a balanced ionic equation with 
appropriate state symbols, but the written explanation is 
already very clear, 


This is a strong answer. It shows good knowledge and 
understanding of how to carry out tests to identify ions. 
in compounds, and the results expected. The answer 
explains the steps needed in a logical order and includes 
practical details such as the need to use distilled water in 


a chemical analysis. 


Make sure you know how to carry out 
tests for ions and the observations 


expected, 
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‘Amethod in which substances ae made in cscrete stages 
rather than constant 

‘Asubstance that canbe broken down by microorganisms. 
Using bacteria to extract metas from their oes. 

To bleach meansto take the colour out something 

The temperature at whicha substance changes from quid 
tongs. 

The force of attraction between atoms or ons hong them 
together 

The energy needed to break one mole ofa specified covalent 
bond. tis measured ink mat 

-Asubstancein the frmiof lumps or powders s described as 
beingin bulk 

Aplece of apparatus used to accurately measure the volume 
of solution that has been added during a itration. 
‘Substance produced in a chemical reaction in ation tothe 
desired product 


absorb Tosoakuportake in batch process 
aid ‘solution that reacts wth alkalis turn Utmus red and has, 
pHoflessthan 7 biodegradable 
acidrain Rainwater thats more acidic than usual veto ar pollution, _—_boleaching. 
usualy caused by sulfur cioxde ad nitrogen aides. bleach 
eidic Containing or having the properties of an acid. boiling pint 
‘ity ‘Theamaunt of acdin a solution. 
<tivationenergy _Theminimumamount of energy neededtostartareacion, bond 
active site “The space in an enzyme where the substrate fis during an 
enzyme catalysed reaction. bond energy 
ctual yield The actual amount of product obtained froma chemical 
reaction. butk 
‘addition [Atype of polymerisation in which the monomers addon to 
polymerisation eachother and no small molecules ae eliminated. burette 
‘dition reaction reaction which reactants combine to form one arger 
product molecule and no other products by-product 
alcohol ‘An homologous series of compounds that contain the 
“OH funetonal group. 
alka Asoluton which containsecess OH ions turns itmusbiue uprated 
‘and hasa pH greater than 7. ‘atiration cove 
alka metals ‘group of very reactive metas foundin group 1 othe 
period table, carbohydrate 
atkaline Containing or having the properties of an alkaline. 
alkalinity The amount of lala solution. ee 
alkane ‘Ahycrocartbon in which all the Bonds between the carbon 
atoms are single bonds, | 
alkene Aydrocarbonin which there are one or mare double bonds tate 
between carbon atoms 
allotrope Aiflerentstructuralform ofanelementeg.grapbiteand cathode 
iamond are allotropes of carbon. 
alloy ‘Ametalwith one or more other elements (usally metals) oes 
‘added toimproveits properties. causal tink 
oy stock lron ith other elements deliberately added toittomakean ceramic 
ally. 
amino acd ‘Agroupof compounds thatarethe monomers used te form chemical analysis 
proteins, 
anaerobic ‘Atype of respiration that does not need oxygen, ae 
respiration 
anion Anegatively-charged lon formed by gaining electrons usually chemical property 
non-metal ion. <hlorination 
anode Positive electrode chromatogram 
‘aqueous solution A minture thats formed when a substances dissohed in chromatography 
water 
‘aquifer An underground layer of rock containing groundwater which lay ceramic 
canbe extracted using awellor pp. imate change 
atmosphere Layer of gases that surrounds the Earth, 
atom Thesmallestreutralpartofanelementthat cantake partin _elosed system 
cbvemical reactions. 
‘atom economy The percentage, by mass of reactants that are converted into combustion 
sell products cngiaa’ 
‘atomicrumber The numberof protons inthe nucleusofan atom (ymbol2.tt combustion 
isalsoknown asthe proton number. compectie matatal. 
attractiveforces The weak forces of attraction between molecules. 
‘Avogadro constant Thisisthe numberof particlesin one moe ofa substance 
{60210" mot), ‘composition 
‘avogadro'siaw Ifthe temperature and pressure are the same, equal volumes 
of diferent gases containan equal numberof molecules. 
es compound 
Balanced equation Description ofa reaction using the symbols and formula of 
the reactants and products sothat the sumberof Units of compressive 
each elementtotheleftof thearrow sthesameasthoseto Strength 
the right ofthe arrow 
base Asuibstance that wil react with an cto frm onl salt and 
water. 
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Marked with scale foraccurate readings 
A graph used to determine the concentration ofa substance 
inasample, 

‘A group of compounds made of carbon hydrogen and oxygen. 
‘Sugars and starch are examples of carbohydrates. 

| poisonous gas produced from carbon burning without 
‘encugh oygen 

An homologous series of compounds that contain the 
COOH functional group 

Asubstance that speeds up the rate ofa reaction without 
‘itself being used up, 

Negative electrode. 

A positively-changed ion formed by losing electrons. 

‘When one thing canbe shown tobe causing another thing 
‘Ahard, durable, non-metallic material whichis generally 
‘unaffected by heat, china and glass. 

Using chemical reactions or sensitive machines to identify and 
‘measure substancesin a sample, 


‘Adevice that produces a voltage due to reactions between 
‘reactants stored inside I, until one ofthe reactants i used up, 


How a substance reacts with other substances. 
‘The process of adding chiorine toa substance, often to water 
‘The piece of paper showing the results of chromatography. 


‘technique for separating the components of a mixture, eg, 
ferent food colouring agents. 

‘Ahard, durable material including brick, porcelain and china. 
‘Changes that happen tothe global weather patternsasa 
resut of global warming, 

‘When substances cannot enter or leave an observed 
‘environment, ea stoppered test tube. 

‘chemical reaction in which a compound reacts with oxygen. 
Combustion of hydrocarbons with enough exygen present to 
‘convert all the fuel into carbon dioxide and wate. 
‘Amisture of two or more materials with contrasting 
‘properties, combined to produce a material with properties 
ofboth. 


‘The substances and their proportions that make something 
up For example, the composition of today's atmospheres 
‘Tete nitrogen, 21% oxygen, 1%6argon and other gases. 
‘Asubstance that can be split int simpler substances because 
‘contains the atoms of to or more elements joined together 
‘Ameasure of how wella substance resists squashing. 


Containing a large amount of solute dissolved ina small 
volume of solvent 


The amount ofa solute disohedinacenain volume of 
solvent 

‘When monomers on together and eliminate small 
melee suchas wate, 

When a gastumsintoa quid 

Ache ts ced ut to checkthecondusion fom the 
‘els ofaothertest. 

AAmethod of manufacture in which substances are made 
constantly. 

Arelationship between two variables, so that if one variable 
‘anges so deste oer Tiscan be pov or negative. 
The padual detereraton ofa substance when tects wth 
‘substances in the environment, for example when a metal 
tdses ina 

The bond formed when a pair of electrons is shared between 
two atoms. 

Thee-dimensonal atic of carbon atoms inked by covalent 
bonds. 

Two or more atoms covalently bonded together to form a 
thctuit 

‘Ackemica reaction in which age liane molecules are split 
inotwoor more smal alkanes ond abenes. 

Amie of ydrcartons famed from dead micascopc 
organisms by heat and pressure over millions of years. 
Separating he solute rom sluton by evaporating he 
solvent 


Solid that are mace up of regula repeated patter of 
atoms, molecules or ions which form fixed shapes wit lat 
‘surfaces and sharp edges 


“An lection that is fre to move and can carry an electrical 
‘ureent. 

‘Adenatuted enzymes one where the shape ofthe active site 
has changed so much that its substrate no longer fitsand the 
reaction can no longer happen. 

‘Aprocess that produces fresh drinking water by separating 
{te water from the salts in salty water 
‘Asulbstance that absorbs water or vapour 

‘Two atoms chemically bonded together. 

‘Alow concentration ofa solute ina solution. 
Inelectroiysis, an ion is discharged when t gains orloses 
‘electrons to form an element. 

‘Something that destroys or neutralises disease-carying 
‘microorganisms. 

|When a more reactive element displaces less reactive 
‘element from one of its compounds. 

Breaking up of acompound into simpler components, 

‘The liquid produced by condensing gases during distillation, 
‘The process of separating aliquid froma mixture by 
‘evaporating the liquid and then condensing itso that Itcan 
‘be collected, 

‘Adiagram to explain what happens when a bond is formed. It 
ses dots and crosses to represent the electrons of diferent 
atoms, 

‘The covalent bond formed when two pairs of electrons ae 
shared between the same two atoms. 

‘Asulpstance that canbe stretched outto make atin wire. 
|When the forwards and backwards reactions in reversible 
chemical reaction are ocurringat the same rate, 


‘The formation of gas bubblesin aliquid due toa chemical 
‘reaction occuring. 


‘Allowing electricity to passthrough. 


lectrode ‘rod made ofa metal or graphite that caries the curent into 
‘oroutof the electrolyte. 

lectrolysis ‘The processn wich energy transfered bya dvect lecical 
curtent decomposes electrolytes, 

lectroiyte ‘Anionic compound thats molten or dissolved in water 

electron ‘Atay pate with a negative charg and ver tle mass. 

lectronshell Areas around a nucleus that canbe occupied by electrons and 
are usualy drawn ascites. Asocalledan election energy 
leveloran orbit. 

lectronie ‘The arrangement of eecronsin shells around the nuceus of 


configuration ——_anatom, 
electroplating Using electricity to coat one metal with a thin layer of another 
metal 


‘electrostaticforce The force of attraction between oppositely-charged particles, 
_and force of repulsion between particles withthe same 
charge. 

element. ‘A simple substance made up of only ane type of atom. 

‘emission spectra setof wavelengths of light or electromagnetic radiation 
‘showing which wavelengths have been given out (emitted) by 
‘substance. 

emit Togveout. 

‘empirical formula The formula showing the simplest whole number ratioof 
‘atoms ofeach element ina compound, 


endothermic typeof reactionin whch energy from the surtoundings is 
transferred tothe products, eg photosynthesis 

‘end point ‘When just enough solution has been added from the 
bret to reat with al the solution in the flakin a tation 
experiment. 

‘enzyme A protein produced by ving organisms that acts.as a catalyst 
tospeed up the rate ofa reaction. 

ester link “This inks resent inal polyester molecules Ieonsists of 
-£00-. 

ethanoicacid ‘The carboxylic acid which contains two carbon atoms and is 
‘the main addin vinegas. 

evaporate When aliquid tumsintoa gas. 

‘exothermic ‘Atypeof reaction in which energyis transfered tothe 
surroundings from the reactants, eg combustion. 

‘extraction ‘A process in which a metals obtained from ts re. 

Feedstock Faw materi A substance used to make other substances 

fermentation Anaerobic respiration occurring in microorganisms. 

fertiliser Soluble compounds added tosoilto replace the minerals used 
upby plants 

filtrate solution that has passed through after 

filtration Usinga iter to separate insoluble substances from aliquid. 

finiteresouree Something useful that sno longer made or whichis being 
made very sow. 


flame photometer A machine used to identify metal ons in solution and to 
determine ther concentration. 


fossil fuel ‘Afuel formed from the dead remains of organisms over 
millions of yeas, ie.coa, il and natural gas. 

fraction ‘Acomponent of a mixture that has been separated by 
fractional distilation. 

{fractional ‘Amethod of separating a mixture of iquids with diferent 

distillation ‘boiling points into individual components (fractions) 

fractionating column long column used for fractional distillation tis warmer at 
the bottom than atthe top, 

fuel call ‘Adevice that produces a voltage due to reactions inalvinga 
uel and oxygen, for as long these reactants are supplied. 

fullerene ‘Amoleculein which each carbon atom is covalently bonded to 


‘three other carbon atoms, forming spheres or tube shapes 

functional group An atom or group of atoms in a molecule that is mainly 
responsible forthe molecules chemical reactions and 
Properties, 
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oatng ion or tel witha thin yer of zinc toimprovelts 
resistance to nsting, 

“The formula showing the proportion of fferentatomsin 
molecules ofan homologous series For example alkenes 
have the general formula H,. 

Aol produced by cooling molten substances The atoms are 
joined to form a giant structure without cyst. 
Theincreasein the Earths average temperature kyo 

be caused by increased amounts of carbon dosideinthe 
atmosphere. 

An allotopeof carbon consisting ofa sheet thats one atom 
thick with atoms arranged ina honeycomb shape. 

‘When gases inthe atmosphere absorb energy transfered by 
Infor waves from the Earth, which causes the atmosphere 
tobe warmer thanit otherwise would be. 

‘gas that helps to trap heat inthe atmosphere. Carbon 
dioxide, methane and water vapout are greenhouse gases. 
vertical column of elementsin the periodic table. Elements 
inthe same group generally have simiar properties. 


The red, iron-containing pigment found n ed Blood cells 


‘chemical equation writen to describe an oxidation or 
‘eduction hal-reaction. 


‘Acompound formed between a halogen and another element 
such asa metal or hydrogen. 


‘Anegatively-charged on formed from one ofthe group 7 
elements. 


‘An element in group 7 ofthe periodic table. 
Something that could cause harm. 

‘family of compounds that have the same general formula 
and similar properties, but have diferent numbers of carbon 
atoms, 


compound containing ony hydrogen and carbon atoms. 


‘estan burning. 
‘Unwanted substance found mised into a useful substance 

‘This occurs when a substance i burned 

‘When a substance reacts only partly wih onygen, such as 
when carbon burs in al producing carbon dase carbon 
‘monoxide and soa unburnt carbon 


‘substance which can change colour depending onthe pH of 
solution. 


Doesnot react 
Electromagnetic radiation that we can feel asheat. 
substance that cannot be dissolved in certain quid. 
‘Aweak force of attraction between molecules 

‘An atom or group of atoms with an electrical charge duet 
the gain los of electrons. 

Astrong electrostatic fore of attraction between 
‘oppositely charged ions. 

‘substance made up of ions of ditferent elements. 
‘Abalanced equation that only shows the fons that react 
together The spectator ons are not included inthe equation, 
Molecules with the same molecular formula but different 
arrangements of atoms are called isomers 

‘Atoms of an element with the same number of protons 
{atomic number but diferent mass numbers due to different 
numbers of neutrons. 


‘An arrangement of many particles that are bonded together 
‘na fixe, regular grid-ke pattern. 

‘The dea that mass is never lost or gained duringa chemical 
‘reaction or physical change. 

‘solution produced when water or another solvent passes 

‘through a mixture of substances and dissolves some of them, 
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‘The reactant that determines the amount of product formed. 
{na chemical reaction, Any other reactants willbe present in 
excess, 

‘Asubstance placed between two moving surfaces to reduce 
the friction between them, 


‘Raubstance that can be hamnmered or rolled into shape 
without shattering 

The total number of protons and neutronsin the nucleus ofan 
‘atom (symbol) tis also known as the nucleon number 

‘na composite materia itis the substance that binds the 
‘enforcement material together. 

“An average calculated by adding up the values ofa set of 
‘measurements and dividing by the numberof measurements 
inthe set. 

‘The temperature at which a substance changes from the solid 
state tothe quid stated when heated, or from the quid state 
tothe slid state when cooled. 

‘Any element that is shiny when polished, conducts heat and 
cect wel s malleable and flexible and oftenhasa high 
‘melting point. 

Thetype of bonding found in metals You canthink oft 

as positvely-charged ions ina sea’ of negativel-charged 
electrons. 


‘substance containing two or more diferent substances that 
are not joined together. 

‘n paper chromatography, this is when the solvent moves 
‘along the paper carrying the dissolved samples with 

‘The volume occupied by one moe of molecule of any gas tis 
‘24 dm’ or 24000 cm’ at rom temperature and pressure. 
Amol of something s 6x10" ofit The massof amole ofa 
substance isthe relative formula mass expressed in grams. 
“Theratioin moles between substancesin abalanced 
‘equation tis the balancing numbers of the substances. 
“The formula showing the actual number of atoms of each 
element ina molecule ofa compound. 

Refers to substances that are made up of molecules. 

A particle consisting f two or mare atoms joined together by 
covalent bonding 

‘small molecule that canjoin with other molecules ike tse 
toform a polymer 
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noble gas 


Piece ofa material consisting of afew hundred atoms, and 
‘between 1 nmand 100 nmin size. 

Amateral consisting of nanoparticles is described as being 
‘nanoparticulate. 

Tenative state ofan elementis when t isnot combined with 
‘ther elements in compounds. 

‘fossil fuel formed from the remains of microscopic dead 
‘plants and animals that live in the sea. 

‘substance that exists naturally as a polymer in plants, 
‘animals et, suchas DNA, starch and proteins. 

Aliuid thats neither acidic nor alkaline and has ap of 7 
‘Areactionin which an acid react with a base to produce a salt 
‘and water only, 

‘Tomakea solution neither acidic nor alhaline. During 
‘neutralisation, a base reacts with an acid, forming. salt and 
water 

‘Apatite found in the nucleus ofan atom having neo charge 
‘and mass of (lative to proton). 

Containing or supplying nitrogen, for example ina fertilise, 
‘Annreactive gain group 0 ofthe periodic table 


on-enclosed system Another ter for an open system. 


non-metal 


‘Anelement thats not shiny and does not conduct heat or 
lecteicity wel, 


ron-renewable Ary energy resource that will run out because you cannot 
renew your supply fit. el 

rruclearfission When the nuceusof alarge atom suchas uranium splitsinto 
‘wo smaller nucle, 

nucleotide ‘The monomers that makeup nucle acids such as DNA 

cleus ‘The central partofan atom orion. 

opaque Material that does not tight through itis not possible to 
see through an opaque substance. 

open system ‘Asystem int or fom which substances can enter or leave, 
such sa reaction inside an open test tube. 

‘organic compound A compound that hasa central framework of carbon atoms 
‘onto which hydrogen and other atoms ar attached. Methane 
(Gi) isorganicbut carbon doxide snot because contains 
‘so hydrogen atoms) 

cuter electron shell The electron shel (or energy level thats furthest away rom 
aanucleus but wich stil contains one or mare elections. 

oxidation Areaction in which oxygen s added toa chemical: loss of 
‘ectrons by an atom or negative ion. 

oxide of nitrogen Any one ofa variety of gaseous compounds consisting of 
‘only nitrogen and oxygen atoms Together they re often 
represented as NO, 

cxidsing agent. Asubstance that causes another substance tobe oxidised in 
an oxidation reaction. 

paper ‘Chromatography carried out by spotting drops of the same 

chromatography samples onto paper and then allowing a solvent to move up 
the paper Different components in the samples travel up the 
paper inthe solvent at eifeent rates 

particle ‘Atiny piece of mater that everything is made out of, 

particlemodel Another term forknetic theory. 

percentage yield The actual yield divided by the theoretical yield asa 
percentage. 

period ‘Ahorizonta ow nthe periodic table. 

periodictable —_Thechartin which the elements are arrangedin order of 
increasing atomic number. 

petrochemical substance made from crude lt. 

pitscale ‘Axzae going up to 14 showing acidity or alkalinity Numbers 
below 7 ae acid; numbers above 7 are alas pH 7s neutral, 

Photosynthesis A series of enzyme-catalysed reactions carried out in the 
‘geen parts of pants Carbon dioxide and water combine to 
form glucose. This process requires light energy from sunlight. 

Physicalchange change in which no new substances are formed, such as 
changes of state, 

Physical property description of how a material behaves and responds to forces 
and energy. For example, hardnessisa physical property. 

Phytoextraction Using plants textract metals fom theirores 

pipette ‘apiece of apparatus which can be used in attain to 
accurately measur a set volume ofa solution. 

plasticiser ‘Asubstance added toa polymer during ts manufacture to 
make te polymer softer and more flexible. 

pollutant ‘Asubstance that harms tning organisms when released into 
the envionment 

polyatomicions _Agroupof atoms that havea postive or negative charge due 
tothe oss or gainof electrons eg. nitrate NO, . 

polyester ‘This isa polymer that contains large numbers ester tnks. 

poly(ethene) ‘Acommen polymer made f ethene monomers. 

polymer ‘Along:chain molecule made by joining many smaller 
molecules (monomers) together 

polymerisation _Areactioninwhicha large numberof small molecules 
(¢nonomers join together to form along chain molecule 
(Golymen. 

precipitate “Aninsolube substance tat isformed when two soluble 
substances react together in solution. 

precipitation -Areactionnwhicha precipitate formed, 


precipitation ‘Areaction in which an insoluble producti formed from two 

‘reaction soluble reactants. 

prediction ‘What you think wil happen in an experiment (usually given 
with areason of why you think this). 

product ‘substance formed ina reaction. 

protein ‘Apolymer made up of aminoacids. 

proton 

pure 


‘Apartce found inthe nucleus of an atom, havinga positive 
‘charge and the same massas a neutron. 


‘single substance with afxed composition that does not 
have anything else mixed with it. 


rate How quicly something happens. 
reactant ‘substance used up na chemical reaction. 
reaction pathway A series of reactions needed to make a particular product 


reaction profile diagram to show how the energy stored in a substance 
‘changed during the course ofa chemical reaction. 


reactivity series Alist of metasin order of reactivity with the most reactive at 
thetop. 

reeying Converting waste matealsinto new products. 

redbloodcell biconcave dsc containing haemopobin that gvesblood its 
ted colour and cris oxygen around the body tothe tissues 
‘Alsohnown asan erythrocyte 

redoxreaction _Areactionin which both oxidation and reduction occu 

reduction ‘Areactionn whicha substance loses onygen or gains 
electrons. 

‘eloforcement ina composite materi the substance thats bound together 
bythermatrx material 

relative atomiemass ‘The mean mass of an atom relative to the mass of a9 atom 

(RAMA) of carbon-12 whichis assigned amassof 12 The RAM of 
{anelementis the mean relative massof the isotopes inthe 
dement 


‘elativecharge ‘The electrical charge on something compared with something 
else. The electrical charge used fr the comparison is often 
‘iventhe value of 

‘relative formula ‘The sum ofthe relative atomic masses ofallthe atoms ina 

mass (4) formula, 

relative mass, ‘The mass something compared to the mass of something 
else, whichis often given the mass of 

renewable source Source of raw materials that wl not runout. 

‘repeating unit The partofapolymer that can be repeated many times to 
form the polymer chain. 


residue Material remaining inthe iter after a mixture has passed 
‘throught. 
resolution “The smallest change that can be measured by an instrument. 


Forexample, in amicroscope it isthe smallest distance 
‘between two points that can be seen as two points and not 


blurred into one point. 

reversible reaction chemical eaction that can workin both diections. 

value ‘The ratio ofthe distance travelled bya solute on a 
hrematogram tothe dstance travelled bythe solvent under 
‘the same conditions. 

tisk ‘The chance ofahazard causing harm, 


riskassessment Identification of the hazards of doing an experiment and ways 
‘of reducing the isk of harm from those hazards. 

rusting, “The corrosion ofion or steel water and axygen must be 
present for rusting to accu). 


‘sacrificial protection Using more reactive metal to protect iran fom sting 

salt ‘A compound formed by neutralisation ofan acid by a base. 

saturated “Amolecule that contains only single bonds between the 
‘carbon atoms in a chain 

saturated solution Contains the maximum amount of solute that can dissolve in 
‘that amount of solvent at that temperature, 

sedimentation The process in which rock grains and insoluble substances ink 
tothe bottom of aliquid. 
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Areaction which takes place atthe same time as another main 
reaction. 

‘Theprocessof separatinga liquid frm a mixture by evaporating 
thelquid and then condensingit sothatit can be collected. 
Describes substance that dissolvesin a quid to make a 
solution. 

Formed when a substance has dissolve in aliquid. 
Describes the liquid in which a substance dissolvestomakea 
solution, 

These areions that do not change during a reaction, 
{ndividua components of light arranged in order of 
wavelength or frequency, 

‘Alloy tel containing elements such as chromiom, to resist 
rusting, 

{solution containing a known concentration ofa substance, 
| polymer carbohydrate thats made bythe joining together 
of glucose molecules. 

One of thee diferent formsthat a substance can have: solid, 
liquid orgas, 

Aetteror eters to show the state ofa substance, 

‘The surface through which the solvent and dissolved 
stibstances move in chromatography. 

‘A plece of apparatus used to cary out estilation or fractional 
distilation. 

‘The mola ratio ofthe reactants and products ina chemical 
reaction. 

‘An acidic solute that dissociates completely intoions when it 
dissolves 

‘The formula showing the symbols foreach atom ina compound 
with straight ies pining them to represent the covalent bonds. 
particle thatis smaller thanan atom, suchasa proton, 
neutron or electron. 

A substance thats changed during reaction, 

Soluble carbohydrate made up of smallmolecues eg. 
slucose formula GH, 0, 

The total amount of surface area of an object divided by ts 
volume, 

‘A polymer thats manufactured ina laboratory or factory. 
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tarnish “Athi layer that forms ona metal due to oxidation Armetalis 
‘alo said to tarnish as this layer Forms. 

tensilestrength —_Ameasure of how well a substance rests stretching. 

‘theoretical yield The maximum calculated amount of product that could be 
formed froma given amount of reactants. 

titration Atechniquein volumetric analysis thats use to find the 
‘act volumes of solutions which react wth eachother 

toxic Poisonous 

‘ranstionmetal _Ametal element placedin the block between groups and 3 
Inthe periodic table, 

‘transparent ‘coloured or colourless material that light can travel through 
without catering, 

‘universalindicator A misture of diferent indicators giving afferent colour at 
ferent points onthe pl cal. 

unsaturated ‘Amolecule that contains one or more double bonds between 
‘bon atoms ina chain, 

valency “The number of covalent bonds formed by an atom, or the 
‘charge number ofthe on formed by an atom. 

variable ‘factor that can change. 

viscosity How thickor runny liquids Low viscosity s very runny: high 
scsi is thick 

volcanic activity The release of gases and/or molten rockby volcanoes. 

‘volumetricflask A laskwhichis accurately calibrated told piven volume 
of solution. 

weak acid ‘An acidic solute that does not dissociate completely into ions 
whenit dsolves. 

‘weathering When rocks ar broken up by physical. chemical or biological 
processes, 

Kray ‘lecromagnetc radiation that hasa shorter wavelength than 
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precipitates 14,68, 7,196 
precipitation 68 145 
precipitation reactions 196 
predictions about elements 27 
products 136 

massesof 75 
proteins 185 
protons 18 
pure substances 


Ryvalues 8-9 
reactants 136 
liiting 76 
smassesof 75 
reaction pathways 111,123, 
reaction profiles 162 144,146 
reaction rates 136-137 


rusting 91,99 


s 
‘sacrificial protection 9 
salts 56,130 
insoluble 69 
soluble $7, 65, 
saturated compounds 161 
saturated solutions 6 


‘sa water purification 14 

sedimentation 15 

side reactions 108 

simple distilation 14 

solubility 68-69 

solutes 674 

solutions 6,74 
‘concentrated 54 
ime 54 
saturated & 

solvents 6,74 

spectator ons 66,87 

spectrum of emitted light 195 

stainless steels 102 

standard solutions 195 

starch 176,185 

state changes 3 

state symbols 56 
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“The lanthanoids (atomic numbers 58-71) and the actinoids (atomic numbers 90-103) have been omitted. 


The relative atomic masses of copper and chlorine have not been rounded to the nearest whole number. 


Elements with atomic numbers 112-116 have been reported but not fully 


authenticated 
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SC3 Atomic Structure opener paragraph on page 17 adapted 
from Professor Richard Palmer, The Nanoscale Physics 
Research Laboratory, University of Birmingham. Reproduced 
with the permission of Professor Richard Palmer. 
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